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7’//’7‘/’( /M

Mark Cunnane, P.E.
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»

-c"f David Banton
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1. INTRODUCTION

This memorandum addresses one component of an ongoing remedial investigation (RI)
and feasibility study (FS) related to the Monsanto Company elemental phosphorous plant
in Soda Springs, Idaho (Figure 1-1). Information presented in this memorandum will be
integrated into the Phase II RI report and presented to the United States Environmental
Protection Agency (EPA) at a later date. The memorandum has been prepared for
interim review with the intentions of facilitating characterization of the site conditions as
part of the Phase II RL.

Documentation of earlier investigations for the elemental phosphorous plant exists in
several reports. The Preliminary Site Characterization Summary Report (PSCSR),
consisting of a summary of Phase I RI activities, was submitted to EPA for review in
April, 1992 (Golder, 1992a). The Remedial Alternatives Development and Preliminary
Screening of Candidate Technologies Memorandum (RAD/PSCTM), consisting of a
summary of the Phase I FS, was submitted to EPA in June, 1992 (Golder, 1992b). A Phase
II RI work plan (Golder, 1992c) was subsequently developed based on the PSCSR, and
the data needs identified in the RAD/PSCTM. The Phase II RI scope of work, detailed in
the work plan was approved by EPA in January, 1993.

Following approval of the Phase II RI work plan, field investigations and technical
analyses were completed and subsequently documented in several memorandums. These
memorandums present results of a geophysical survey (Golder, 1992d), of analyses of
geochemistry and hydrology of source areas and the vadose zone (Golder, 1993a), of
hydrogeological investigations (Golder, 1993b), and of surficial soil and stream sediment
investigations (Golder, 1993c).

This memorandum specifically addresses Phase II RI work plan Activity 4f - Groundwater
Modeling. The purpose of this activity is to develop a groundwater flow and solute
transport model to evaluate the fate and transport of constituents of potential interest
entering groundwater from the area of the old underflow solids ponds. Figure 1-2 shows
the location of the old underflow solids ponds and the direction of groundwater flow
below the Monsanto plant in the UBZ-2 groundwater region. The UBZ-2 groundwater
region encompasses the flow system below the old underflow solids ponds. Because
constituents in this groundwater region may migrate toward the south off-site, solute
transport modeling is being used to predict the possible down-gradient concentrations
that may occur.

This memorandum does not present information or technical analyses concerning fate
and transport of constituents in other groundwater regions below the Monsanto plant.
This information will be presented in the Phase II RI report. Numerical and analytical
modeling of fate and transport is not planned for these areas.
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2. HYDROGEOLOGIC MODELING METHODS

A modeling protocol, per EPA Region X Environmental Services Division Guidelines for
Hydrogeologic Modeling (November 21, 1991), was submitted to EPA in the
hydrogeological investigations memorandum (Golder, 1993b), Section 6. The modeling
protocol describes the goals, methods, input data, and intended results for the modeling.
This section summarizes the modeling methods. The input data and results for the
modeling are presented in Sections 3 and 4.

The modeling methods were separated into two parts. Part one consists of groundwater
flow modeling within the Blackfoot Lava Field. The Blackfoot Lava Field includes the
entire valley in which the Monsanto plant is located, extending from the Bear River
northerly to the Blackfoot Reservoir. Part two consists of solute transport modeling of
constituents entering groundwater at the location of the old underflow solids ponds on
the Monsanto plant Groundwater velocity (magnitude and direction) evaluated from
the groundwater flow model is used in the solute transport model. Specific details
concerning these modeling methods are provided below.

2.1 Groundwater Flow Modeling Method

Groundwater flow modeling utilized a computer program called FLOWPATH (Franz and
Guiguer, 1992). FLOWPATH models the flow of groundwater based on the physics of
saturated groundwater flow in a porous medium. The FLOWPATH model has been
developed with a CAD-based user interface that facilitates data input and viewing of
results.

The basis for the FLOWPATH model is a mathematical balance equation (continuity
equation) that is solved by a computer program. In constructing the balance equation,
the rate of groundwater flow is assumed to follow Darcy's Law. The balance equation
fundamental to the FLOWPATH model is given as follows:

T, Fhzy) | T, Fh(xy) _ 7 (x3) 1

where
T is the transmissivity in the x-coordinate direction (ft¥/d),
Tyy is the transmissivity in the y-coordinate direction (ft%/d),
h{x,y) is the hydraulic head at location x,y (ft),
q(x,y) is the rate of water influx at location x,y (ft/d), and
Xy are cartesian coordinates (ft).
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From Equation 1, it can be observed that the FLOWPATH mode! uses an equation for
steady-state conditions and for groundwater flow in only two dimensions, x and y. The
term pertaining to the rate of water influx, q(x,y), is used to represent features such as
wells and springs (q(x,y) > O indicates recharge to groundwater whereas g(x,y) < 0
indicates withdrawal). The transmissivity parameters, T, and T,,, are shown as
constants in Equation 1, however, in the solution they may vary in x and y to represent
heterogeneity of the aquifer materials. The boundary conditions imposed at the edges of
the model domain (not shown) include constant head or constant flux types. Both types
of boundary conditions were used in the FLOWPATH model, as explained in Section 3.

The solution to Equation 1 is obtained by the finite difference method, a widely used
numerical analysis technique. The solution method is implicit and requires iterations to
reach a final, stable solution for Equation 1. As with all numerical methods, the solution
is approximate, but excellent solutions can be obtained with proper configuration and use
of the model.

The results of the FLOWPATH model include several attributes of the groundwater flow
system. Among these results are the groundwater elevation and groundwater velocity
throughout the model area. Groundwater elevation output can be used to construct
contour maps of the groundwater elevation in the Blackfoot Lava Field, which in tumn
may be used to make interpretations concerning groundwater flow direction.
Groundwater velocity output can be used directly by the solute transport modeling,
which requires the groundwater velocity to determine the advective rate of transport.
The FLOWPATH model also creates output for groundwater particle pathlines. These
pathlines show the path along which a discrete particle will move from the point at
which it is released into the flow system to the point at which it is discharged from the
flow system. By releasing particles at various locations in the groundwater flow system it
is possible to determine the average transport of groundwater plumes.

2.2 Solute Transport Modeling Method

Solute transport modeling utilized a solution taken from the literature (Domenico, 1987)
that was modified and coded into a computer program by Golder Associates Inc. A
listing of the source code is provided in Appendix A and an executable version of the
program is provided on diskette. The transport solution is based on a mass balance for a
non-decaying dissolved solute. The dissolved solute is transported by advection, due to
the bulk groundwater flow, and by hydrodynamic dispersion, due to the variations in
groundwater flow velocity at the pore scale. Retardation of the solute resulting from
sorption (i.e., either solute precipitation or solute adsorption to minerals) also is
accounted for when appropriate.
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The solution presented by Domenico (1987) is the following:

C(x; ,r)=%’erfc[(x-vt)f2(a,vt)"‘1 e
(erfly+Y/2Y2 e 2) ) erfly-Y/2)2(a ) 2))

Cixy.t) is the solute concentration at location x,y and time t (mass/volume),
is the source concentration at x = y = 0 (mass/volume),
erfe(x) is the complementary error function of the argument x,

erf(x) is the error function of the argument x,

v is the transport velocity (ft/d),

oy is the dispersivity along x (ft),

« is the dispersivity along y (ft), and

Yv is the width of the source normal to the flow direction (ft).

Using Equation 2, the concentration of a solute can be predicted at various locations and
various times. The source term represented by Cg is assumed to be continuous and
constant. Equation 2 can also include retardation effects if necessary by modifying the
transport velocity. Under conditions of no retardation, i.e.,, R = 1, the transport velocity
is equal to the seepage velocity of the groundwater. If retardation is known to influence
the transport of a constituent, the seepage velocity is divided by the retardation
parameter.

It should be noted that Equation 2 applies to transport in only two-dimensions, rather
than three. The solution has been intentionally reduced to two-dimensions because the
aquifer is thin in the vicinity of the Monsanto plant and transport in three dimensions is
anticipated to be limited. Calculations of concentration by Equation 2 are made with the
assumption of a constant concentration over the full thickness of the aquifer.

As shown above, Equation 2 is inadequate to assess transport from below the old
underflow solid ponds because the source term does not correctly represent conditions at
the Monsanto plant. Historical information indicates the source of constituents to
groundwater was continuous over a finite period of time and is currently declining, thus,
the solution for an indefinitely constant source is inappropriate.

Equation 2 can be modified to account for the source term behavior by a method referred
to as superposition (Bear, 1979). The modified equation is the following:
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N
C (xy)=Clry,t| C)+Y, Clry 4] C~C ) @)
i=l

where the notation C(x,y,t-t;| C;-C,.;) is used to indicate a calculation carried out with
Equation 2 substituting t-t; for t and C;-C;; for C;. The term to the right of the equal sign
and left of the sum is simply Equation 2. The superposition method, as indicated in
Equation 3, is nothing more than a sum of solutions to Equation 2 computed for different
initial times, t;, and different source concentrations, C;-C;;. For example, if the source
began with concentration C; at time t = 0 and then stopped abruptly at time t = t, the
sum of Equation 3 would include only one term. The source value in this term would be

- -Cp- Hence, the continuous source beginning at time zero is cancelled by a negative

continuous source beginning at time t. The result is a finite constant source of
concentration C, over the time period from 0 to t. This logic can be applied to fit any
conceivable step function representing the concentration at the source location.

The source term, representing constituents entering groundwater in the area of the old
underflow solids ponds, began in about 1963 and was substantially reduced in 1983 when
the ponds were taken out of use. A hypothetical function representing the actual source
term is shown on Figure 2-1. As this function represents the conditions at the water
table below the ponds, the active period of the ponds has been shifted by 1 year. This
shift in the active period is intended to represent an estimated 1-year lag due to the
transport that must occur through the vadose zone (i.e., it takes liquid about one year to
reach the water table and also about one year to completely drain from the vadose zone).
In Figure 2-1, the source concentration is shown to remain approximately constant when
the ponds where in use and then to decline exponentially after closure of the ponds.

For the purposes of modeling solute transport from the old underflow solids ponds, the
source concentration is represented by an analytical function. This function, also shown
in Figure 2-1, consists of a constant segment that occurs during the period when the
ponds were active followed by an exponentially declining segment. This function is
defined as follows:

0, t < 1964
c) =G 1964 < t < 1984 4)
Ce™-1%) t > 1984

where

C(t) is the source concentration at time t (mass/volume),

Cc is the source concentration during the active period of the ponds
(mass/volume),

r is the source decay rate (yr?), and

t is the time (yr).
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As Equation 3 cannot directly implement the exponential decay function shown in ‘
Equation 4, it is necessary to approximate this function as a series of steps. To obtain the

transport modeling results presented in Section 4, the exponential function was

computed for 4-year intervals and C(t) was assigned the interval midpoint concentration.

For example, the source concentration over the period from 1988 to 1992 was assigned a

concentration value of C(1990), as computed from Equation 4.
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3. GROUNDWATER FLOW MODELING

The procedures followed to construct a computer model of groundwater flow include the
following:

+ Development of a conceptual hydrogeologic model;
* Gathering of input data;

» Model setup and calibration; and

e Presentation of results.

This section of the memorandum summarizes the conceptual model, presents input data,
and presents the model results.

Earlier work concerning the hydrogeology of the Monsanto plant area and vicinity is
contained in the Phase I RI report (Golder, 1992a), and a more recent Phase II RI
hydrogeologic investigations memorandum (Golder, 1993b). Parts of this information are
summarized here, although greater detail can be found in the earlier documents.

3.1 Hydrogeologic Conceptual Model

The hydrogeologic conceptual model identifies features of the groundwater flow system
that will be represented in the computer model. As discussed above, the area considered
in the conceptual model and subsequently in the computer model includes the entire
Blackfoot Lava Field, as shown on Figure 3-1. There are many hydrologic features in this
area including springs, creeks, and aquifers. These features are summarized below.

3.11 Surficial Hydrologic Features

The main hydrologic features of the Blackfoot Lava Field that may be observed from
ground surface are summarized below. These features will form the boundaries of the
computer model, as they are either locations of recharge or locations of discharge within
the groundwater flow system. More detail concerning the model boundaries is presented
in Section 3.2. '

Blackfoot Reservoir The Blackfoot Reservoir is located on the northern boundary of the
Blackfoot Lava Field. Although contained within the Snake River basin, the Blackfoot
Reservoir has some leakage to the south into the shallow aquifer below the Blackfoot
Lava Field. Dion (1974) estimates this leakage to be about 12 cubic feet per second (cfs).
This leakage from the reservoir provides the majority of groundwater that occurs in the
western half of the Blackfoot Lava Field.
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Aspen Range The Aspen Range borders the entire eastern edge of the Blackfoot Lava .
Field, with the exception of a short segment on the northeast edge. Shallow

groundwater in the eastern half of the Blackfoot Lava Field receives recharge from the

Aspen Range. This recharge originates from rainfall and snowmelt. The watershed area

of the Aspen Range increases in size toward the south, thus greater recharge is

anticipated to occur in this area in comparison to the northern part of the range.

Formation Spring Formation Spring occurs along the eastern edge of the Blackfoot Lava
Field, about due east of the Monsanto plant. Formation Spring discharges approximately
20 cfs of groundwater into streams directed into the Blackfoot Lava Field (field estimate
by Golder Associates Inc. staff). Formation Cave receives most of this water and provides
recharge to the shallow basalt aquifer. The source water for Formation Spring is likely
further to the east beyond the Aspen Range (Mayo et al,, 1985). The Spring discharge is
believed to rise from depth to the surface along a normal fault that borders the east edge
of the Blackfoot Lava Field. Thus, Formation Spring is a recharge source to the shallow
basalt aquifer, rather than a point of discharge.

Ledger Spring Ledger Spring and several other springs occur southeast of the Monsanto

plant in the east central part of the Blackfoot Lava Field. Ledger Spring is a drinking

water source for the City of Soda Springs which draws approximately 2.5 million gallons

per day (MGD) from the Spring. This flow is about 1/2 to 1/3 of the total flow from the

Spring. The discharge occurring at Ledger Spring enters a creek that flows southerly to

the Bear River. The absence of travertine deposits and the fresh water quality of Ledger

Spring indicates that discharge is from the shallow basalt aquifer. Because the discharge

feeds a stream and does not percolate back into the aquifer, the Spring is anticipated to ‘
represent a point of discharge from the shallow basalt aquifer.

Bear River The southern edge of the Blackfoot Lava Field is bordered by the Bear River.
The mean annual flow in the Bear River at a gaging station upstream from Alexander
Reservoir during the period from 1954 to 1970 was 530 cfs (Dion, 1974). In this part of
the Blackfoot Lava Field, groundwater discharge occurs to the Bear River, as shown by
hydraulic gradients (Dion, 1974). Discharge into Bear River and Alexander Reservoir
comprises the majority of the groundwater discharge from the shallow basalt aquifer.

Big Spring Creek Big Spring Creek discharges into the Bear River on the south side of
Soda Springs. The creek is fed by Big Spring which is assumed to be a discharge point
for the shallow basalt aquifer. The flows in Big Spring Creek measured at the Big Spring
Creek Hatchery weir by the Hatchery personnel average 14 cfs.

Alexander Reservoir Alexander Reservoir occurs in the Bear River west of Soda Springs.
This reservoir, along with Bear River, forms the primary discharge location for
groundwater in the shallow basalt aquifer.

Ninety Percent Range The Ninety Percent Range lines the southwestern edge of the
Blackfoot Lava Field. The range is much smaller and generally drier than the Aspen
Range. A small quantity of recharge to groundwater is likely from rainfall and snowmelt
in this area.
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Fivemile Meadows Fivemile Meadows is located northwest of the Monsanto plant in the
center of the Blackfoot Lava Field. The meadow is an area of groundwater discharge
which forms the headwaters of Soda Creek. Seepage from Fivemile Meadows was noted
to increase substantially shortly after construction of Blackfoot Reservoir around 1910
(Dion, 1974). The response of the meadows to the reservoir indicates hydraulic
connection exits between the two features. Fivemile Meadows is considered to be a
location of discharge from the shallow basalt aquifer in the Blackfoot Lava Field.

Other Streams The area southwest and south of the Monsanto plant includes several
streams and irrigation ditches. Soda Creek is one of the streams in this area.
Groundwater discharge from springs and precipitation provides water to these streams
and they are likely in hydraulic connection with groundwater throughout their entire
length. These streams ultimately discharge to either Alexander Reservoir or Bear River.
With regard to the computer mode), we have assumed flow between these features and
the shallow aquifer is negligible away from their headwaters.

Other Springs Several springs exist in the area of the Monsanto plant located west and
southwest of the plant boundary. These springs include Hooper, Southwest, Doc
Kackley, Calf, Mormon (A, B, and C), and Homestead. These springs discharge into Soda
Creek. Hooper, Southwest, and possibly Doc Kackley Springs appear to be deep conduit
springs similar to Formation Spring. Mormon, Calf, and Homestead Springs appear to be
discharge points from the shallow basalt aquifer in the Blackfoot Lava Field. These
springs generally have small flows (less than 0.5 cfs) and were not represented in the
computer model.

3.1.2 Aquifers

The Blackfoot Lava Field is comprised of basaltic lava flows. In general these flows
consist of dense basaltic materials separated by loose, porous materials called interbeds.
Horizontal groundwater flow primarily occurs in the interbed zones, which are normally
+/- 10 feet in thickness. The materials in the interbed zones include sediments, such as
sand and clay, and a variety of basalt textures developed along the edges of the
underlying- and overlying-lava flows. These basaltic textures tend to be highly porous
(e.g., scoriaceous basalt) and/or fractured (e.g., brecciated basalt). Dense, low-porosity,
low-permeability basalt forms the interiors of lava flows. These dense basalt materials
commonly have been fractured from columnar jointing (a phenomenon that occurs
during cooling of the basalt from a molten state). These fractures are vertical and may
conduct groundwater flow only in the vertical direction.

In the area of the Monsanto plant, the Blackfoot Lava Field contains two aquifers. A
shallow aquifer (Upper Basalt Zone, or UBZ) occurs primarily within interbed materials
and dominates the flow system. Water quality data for this aquifer indicates the
presence of constituents of potential interest. Based on boreholes in the area of the
Monsanto plant anywhere from one to three interbed zones, in close proximity to one
another, form the shallow basalt aquifer. The total thickness of the shallow aquifer
appears to average 30 feet, although individual interbed thicknesses may be on the order
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of 2 to 10 feet. A deeper aquifer (Lower Basalt Zone, or LBZ) also occurs within interbed
materials but is of much lower permeability, and consequently, conducts much less water
through the groundwater flow system. The two aquifers are weakly connected through
the intervening dense basaltic materials. In the computer model of groundwater flow
only the shallow aquifer is considered. Both aquifers have been affected by high-angle,
northwest trending, normal-faulting in the area of the Monsanto plant. The occurrence
of faults was not represented in the computer model.

In constructing the computer model, the shallow basalt aquifer was assumed to extend
throughout the Blackfoot Lava Field. The aquifer abuts sedimentary materials along the
margins of the Blackfoot Lava Field and in the area of Threemile Knoll, located northeast
of the Monsanto plant (Figure 3-1). These areas were also incorporated into the model
by adjusting the hydraulic conductivity. The hydraulic conductivity of the sedimentary
materials are observed to be much less than those of the basalt interbeds. Based on

hydrogeologic investigations, the basalt interbed hydraulic conductivity averages 400 ft/d,
whereas the hydraulic conductivity of the sediments is estimated to be about 40 ft/d.

3.2 FLOWPATH Modeling Input Data
Input data for the FLOWPATH model consist of the following:
» Aquifer type;
o Aquifer thickness;
» Aquifer hydraulic conductivity;
» Aquifer porosity;
+ Boundary conditions of either constant head or constant flux;

o Discharge or recharge rates to represent springs; and

Discharge rates for pumping wells.

Because the FLOWPATH model uses a numerical method to solve the groundwater flow
equation (Section 2.1), it is necessary to locate the input data onto a grid. The grid is
overlain onto the Blackfoot Lava Field and then the necessary features are located onto
the grid, or to the nearest grid intersection. The grid size used in the FLOWPATH model
was 2,500 feet by 2,500 feet. Detailed computer output documenting the input data is
provided in Appendix B. Data input files are also contained in machine readable form
on diskette.
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Agquifer Tyge and Thickness As discussed above, only the shallow basalt aquifer was
modeled using FLOWPATH. In constructing the model, the aquifer type was assumed to
be confined as a simplifying assumption. Based on the results presented in Section 3.3,
this assumption appears reasonable. By making this assumption, it was possible to
specify a single aquifer thickness for the entire model area, which is an important
convenience given the limited data that exist away from the Monsanto plant. This
thickness was estimated to be 30 feet based on model calibration and data for the
Monsanto plant area. One drawback to selecting the confined aquifer type is related to
areal recharge to the aquifer. In the Blackfoot Lava Field, recharge to groundwater likely
occurs through the valley interior. This recharge cannot be directly represented by the
confined aquifer type and was indirectly added to the aquifer through the boundary
conditions.

Hydraulic Conductivity The hydraulic conductivity of the shallow basalt aquifer was
varied in space to represent heterogeneity of the aquifer materials. The heterogeneity
occurs where the aquifer host rock changes from volcanic interbeds to sedimentary rock.
The final spatial distribution of hydraulic conduchvxty reflects this heterogeneity and was
obtained by calibration. This distribution is shown on Figure 3-3.

Porosity Aquifer porosity was estimated as a single value over the entire model area.
This parameter was assigned a value of 0.30. The porosity is used to determine pore
water velocity of the groundwater, thus, it represents an effective porosity value. The
value of 0.3 was obtained partly through calibration after assuming a range of porosity
from 0.15 to 0.3 for the interbed materials. The value of 0.3 was finally used due to the
high pore water velocities predicted by the computer model. The value of 0.3 resulted in
the smallest velocities, given the range of porosity values. The value of porosity has no
effect on the solution to the groundwater flow equation (Section 2.1).

Boundary Conditions Boundary conditions determine the flow of groundwater across
the edges of the model area. The boundary conditions, shown on Figure 3-4, include
constant head boundaries at Blackfoot and Alexander Reservoirs, constant flux
boundaries along the Aspen Range, Ninety Percent Range, and Bear River, and no-flow,
or zero flux, boundaries along the northeast, southeast, and northwest segments. The
constant head values for the reservoirs were obtained from the United States Geological
Survey 1:100,000 metric topographic map for Soda Springs. Constant flux values for the
Aspen Range and Ninety Percent Range were estimated based on watershed area, annual
precipitation (20 inches/year), and an assurned infiltration rate (15%). These flux values
were increased slightly to represent recharge occurring in the valley interior and as part
of the model calibration. Constant flux values into the Bear River were developed
entirely through model calibration. The gradation in the flux values from east to west
along the Bear River were developed in part to represent Big Spring Creek, which was
not specifically represented by the model due to its proximity to Alexander Reservoir and
Bear River.

Wells and Springs Also shown on Figure 3-4 are the wells and springs represented in
the computer model. These features are represented by one or more pumping or
injection wells in the computer model. Fivemile Meadows is represented by five
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pumping wells that withdraw and an estimated 15.5 cfs from the shallow basalt aquifer. .

This flow rate was partially established through calibrating the model. Formation Spring
is represented by four injection wells that recharge 20 cfs into the aquifer. This flow rate
is an estimate made in the field by Golder, as no gaging of the Spring exists, and is also
partially based on model calibration. Ledger Spring was represented by a single
pumping well withdrawing 5 cfs from the aquifer, a rate approximately 1.5 times greater
than the City of Soda Springs demand from the Spring. The City of Soda Springs
withdraws about 2 MGD from Ledger Spring. Aquifer withdrawal from pumping wells
is only known to occur at the Monsanto plant (besides possibly other small domestic
users to the south). The four wells at the Monsanto plant were represented by a single
pumping well at the equivalent rate of 3.1 cfs.

3.3 FLOWPATH Modeling Results

When field data are available for the model area, the model results are obtained by

calibrating the model to the data. The data for groundwater flow modeling that can be

used to calibrate a model include groundwater elevation, groundwater flow direction,

and groundwater flow rate. The detail of the model calibration is reflected in the scale of

the model. The model presented here includes a large area, thus, the calibration cannot

be based on small scale features of the flow system. For example, the model cannot be

calibrated to the variation in groundwater elevation across the Monsanto plant. Rather,

the calibration tries to match only the average groundwater elevation at the Monsanto i
plant. This type of calibration based on average conditions is also true with respect to .
the groundwater flow direction and groundwater flow rate.

Results from the FLOWPATH modeling are shown on Figures 34 through 3-6. Figure 3-
4 is a groundwater elevation contour map produced by FLOWPATH. These results were
obtained in part by matching the model output to a groundwater elevation map based
on water levels in wells produced by Dion (1974). The main departures between the
contouring shown on Figures 34 and 3-7 occurs along the west side of the Blackfoot
Lava Field. It appears field data are limited in this area. The FLOWPATH results along
the west side of the model are strongly influenced by the no-flow boundary segment in
the northeast, which was added to the model based on interpretation of the watershed.
The FLOWPATH results also were calibrated to the topographic elevation of Fivemile
Meadows, which is about 5,950 ft amsl. This elevation is determined to coincide with the
groundwater elevation based on the occurrence of discharge conditions.

The model was also calibrated to the discharge from the Blackfoot Reservoir. Dion (1974)
estimated a leakage rate of about 12 cfs, and the FLOWPATH model computed a leakage
rate of 14.7 cfs. While FLOWPATH overestimated the leakage rate, the values are closely
comparable. Additional calibration was conducted in the southern end of the model area
by adjusting the flux values along the Bear River. These values were adjusted to obtain
groundwater flow directions as shown on Figures 3-4 and 3-7. The flux values are listed
on Figure 3-3.
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‘ Figure 3-5 shows groundwater velocity vectors throughout the model area. The fastest
flow of 26 ft/d occurs in the area of the Monsanto plant. This flow rate appears higher
than actual. Based on field data from the Monsanto plant area, we estimate an average
linear groundwater velocity in the UBZ-2 groundwater region of 1 to 5 ft/d (Golder,
1993b). The high flow rate may be due to an overestimation of the flow rate from
Formation Spring, as this flow rate was based on visual estimation. The general increase
in groundwater velocity in the area of the Monsanto plant and to the south is expected
due to the reduced extent of the shallow aquifer in this area. As shown on Figure 3-2,
low permeability sedimentary materials constrict the flow area in the shallow basalt
aquifer at this location.

Figure 3-6 presents groundwater pathline output generated from the FLOWPATH model.
This output was generated by releasing particles near to the Monsanto plant and then
allowing the computer model to track their progress through the aquifer. Ultimately, the
particles discharge from the aquifer into the Bear River and Alexander Reservoir. The
average groundwater velocity along the pathlines was estimated as 10 ft/d. Based on this
velocity, the average travel time for groundwater to reach the discharge locations from
the Monsanto plant southern fence-line is about 4 years. The lower velocity for
groundwater estimated from hydrogeologic field data indicates this travel time may range
from 8 to 40 years.

As discussed in the earlier hydrogeologic investigations for the Monsanto plant (Golder,
. 1992a and Golder, 1993b), faulting influences the groundwater flow direction in the area

‘ of the Monsanto plant and likely at other locations within the Blackfoot Lava Field. This
faulting was not represented in the computer model as a simplification. The absence of
any faults in the computer model affects the pathline predictions, as the faulting is
known to direct groundwater flow toward the southeast. Thus, pathlines shown on
Figure 3-6 near to the Monsanto plant boundary are not representative of the actual
groundwater flow directions. To the south, the influence of faulting on groundwater
flow diminishes and the pathlines are more representative of the overall off-site flow
paths and discharge locations.
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4. SOLUTE TRANSPORT MODELING .

Solute transport modeling was performed for constituents of potential interest observed
in groundwater in the UBZ-2 groundwater region (Figure 4-1). The model used to
predict down-gradient concentrations for constituents of potential interest was described
in Section 2.2. The results of the modeling are presented below.

4.1 Source Area History

As discussed in Section 1, the modeling was conducted to evaluate groundwater
concentrations of constituents of potential interest at locations down-gradient from the
old underflow solids ponds (Figure 4-1). These ponds were once used to dewater solids
as part of the elemental phosphorous production process. In this use, a slurry was
directed to the ponds and the liquid portion was allowed to drain into the ground. The
solid material remaining in the ponds was a low grade phosphorous ore that was
excavated and further refined. In 1983 the ponds were closed and capped with molten
slag and bentonite. At this time drainage to groundwater stopped and the slag and
bentonite cap also provided a barrier to rainfall and snowmelt. Earlier work (Golder,
1993a) estimated a recharge rate to groundwater through the slag and bentonite cap of
0.2 inches per year. Although it is unknown, this recharge rate is likely of order 10° less
than the recharge through the source area during the active period of the ponds.

Based on observations of declining groundwater concentrations in the source area .
(shown below), it appears the release of mass to groundwater has declined and is

declining. The mass released to groundwater under present conditions may arise from

dissolution of residual materials in the pore space of the vadose zone and aquifer and/or

continued drainage of vadose zone liquids to groundwater. The former mechanism is

considered more likely as almost 10 years has passed since the ponds were closed and it

is likely the vadose zone moisture content has reached a steady state condition. Under

this condition, little if any moisture is expected to drain from the vadose zone to the

water table in the source area. The slag and bentonite cap at ground surface is a barrier

to precipitation.

4.2 Constituents of Potential Interest

A preliminary identification of constituents of potential interest was developed from the
Phase I RI groundwater quality data (Golder, 1992a). In the Phase I RI report, Golder
Associates Inc. identified constituents of potential interest based on upper tolerance limit
screening (a statistical method of comparison against background water quality) and risk-
based screening (a comparison against conservative human health and ecological toxicity
concentrations) of the groundwater quality data. The EPA oversight consultant, SAIC,
also independently identified the constituents of potential interest using similar methods
(Letter from J. C. Eldridge (SAIC) to T. Brincefield (EPA) dated September 3, 1992). The
SAIC analysis, however, substituted the maximum control concentration of background
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. data for the upper tolerance limit values used by Golder Associates Inc. This difference
in the screening analyses resulted in different lists for the preliminary constituents of
potential interest. The Phase II RI field investigations included the collection of
additional groundwater quality data, and these data will be used in further evaluations
of the constituents of potential interest.

This memorandum has been prepared based on the preliminary constituents of potential
interest identified by SAIC on EPA's behalf ((Letter from J. C. Eldridge (SAIC) to T.
Brincefield (EPA) dated September 3, 1992). These constituents (and there chemical
symbols) for shallow fresh groundwater are listed below:

Aluminum (Al),
Arsenic (As),
Cadmium (Cd),
Chiloride (Cl),
Fluoride (F),
Manganese (Mn),
Molybdenum (Mo),
Nickel (Ni),
Nitrate (NO,)
Selenium (Se),
Sulfate (SO,),

Vanadium (V), and
. Zinc (Zn).

The constituents of potential interest iron and radon-222 were also identified by SAIC,
but were not evaluated in the transport modeling. Using recent data for groundwater at
the Monsanto plant, both constituents were found to occur at concentrations less than
the maximum background concentrations. Consequently, these constituents are not
constituents of potential interest based on the screening methods used by SAIC.

4.3 Hydraulic Transport Parameters

As discussed in Section 2.2, solute transport modeling requires input of hydraulic
parameters as well as chemical parameters. Hydraulic parameters do not depend on the
constituent and include the groundwater velocity and dispersivity. Values determined
for these parameters are presented below.

4.3.1 Groundwater Velocity

The groundwater velocity was determined to average 10 ft/d in the UBZ-2 groundwater
region to the south of the Monsanto plant (Section 3.3). This value for groundwater
velocity is slightly higher than the velocities obtained from Darcy Law calculations based
on hydrogeologic data collected from the Monsanto plant area.
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4.3.2 Dispersivity

Data for longitudinal dispersivity in many different aquifer conditions was compiled by
Gelhar et al. (1985). In the transport calculations presented below, longitudinal
dispersivity values, a,, were obtained from the "best fit" curve drawn through the data of
Gelhar et al., as shown on Figure 4-2. Dispersivity values were determined for three
observation locations that were selected for output of concentration time histories from
the transport model. These locations include an intermediate point in the aquifer 500 ft
south of the Monsanto plant boundary (5,000 feet from the source area), a location at
Soda Creek (8,500 feet from the source area), and a location at the Bear River (18,500 feet
from the source area). These locations are schematically shown on Figure 4-1.

The transverse dispersivity, a,, was obtained by assuming a value for the ratio of
transverse- to longitudinal-dispersivity. This ratio was assumed to be 0.01 due to the
faulting in the UBZ-2 groundwater region which restricts lateral spreading of dissolved
constituents.

Table 4-1 presents the dispersivity values used in the solute transport modeling. As the
transverse dispersivity values were very close in value, a constant value of 3 ft was used
in the model calculations as a simplification. The results of the model were found to be
insensitive to the value of the transverse dispersivity within the range of the estimated
values shown in Table 4-1.

44 Chemical Transport Parameters

The source concentration and retardation parameters are referred to as chemical
parameters because they depend directly on the constituent of potential interest. Data
for these parameters are presented below.

4.4.1 Source Concentration

As discussed in Section 2.2, the source concentration was defined as a constant segment
followed by an exponentially declining segment, as shown on Figure 2-1. The constant
segment of the function requires a groundwater concentration value for the active period
of the old underflow solids ponds, from 1964 to 1984. The exponentially decaying
segment requires a decay rate parameter. These data have not been measured directly
for the constituents of potential interest and were estimated for the solute transport
modeling. The first step to estimate the parameters consisted of estimating the decay
rate. The decay rate was then used to estimate the concentration during the period from
1964 to 1984.

The decay rate was estimated from time history data collected at the Monsanto plant
from about 1985 to present. For a declining time history of groundwater concentration in
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the source area and assuming an exponential decay model, the source concentration
decay rate is computed as follows:

Ctt,)
In—2
)

ty-ty

)

r =

where C(t) is the source area groundwater concentration at time t; or t, (mass/volume).

For each constituent of potential interest, the source area groundwater concentration was
obtained from analyses for samples collected from test well 37 (Figure 4-1). Time t;
ranged from 1985 to 1987 and time t, ranged from 1992 to 1993. The average
concentration in the neighborhood of either time t, or time t, was visually estimated from
x-y plots of the time history data. Table 4-2 presents data and results for each constituent
of potential interest. Figures 4-3 through 4-15 present the time history data for each
constituent of potential interest as observed in samples from test well 37.

Given the estimated decay rate for the exponentially declining source concentration, the
source area concentration for the period from 1964 to 1984 was estimated as follows:

C(t,)
T, -198)

C(1984) = ©6)

As shown on Figure 2-1, the concentration during this period is constant, thus, it can be
estimated by estimating the concentration occurring in 1984. Values for C(1984) are
shown in Table 4-2 for each constituent of potential interest.

There were a few special cases to deal with in evaluating the parameters for the source
concentration. Time history data for molybdenum and selenium concentrations were
lacking for test well 37. For both constituents an average decay rate was assigned and
the value of C(1984) was computed based on the currently observed groundwater
concentration. The average decay rate was based on computed decay rates for
aluminum, arsenic, cadmium, nickel, vanadium, and zinc.

The constituents chloride, nitrate, and sulfate also required special treatment because they
occur at significant levels in background groundwater. The background concentrations
were based on chemical analyses of groundwater samples collected from test well 57 in
November, 1992. As shown on Figure 4-1, test well 57 is directly up-gradient from the
old underflow solids ponds in the UBZ-2 groundwater region. The background
concentrations were subtracted from the observed concentrations in the source area prior
to computing the decay rate. The background concentration was subsequently added to
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the modeling result. The background concentrations were 16 mg/L, 0.96 mg/L, and 76
mg/L for chloride, nitrate, and sulfate, respectively.

Fluoride also was a constituent that required special handling. The fluoride groundwater
concentration time history in test well 37 is shown on Figure 4-7 and does not reveal that
concentrations are declining. Following a sharp decline from 1985 to 1986, the fluoride
concentration remains steady. To account for this pattern, a step function was used for
the source term that included two constant segments. The first segment occurred from
1964 to 1984 with a concentration level of 40 mg/L and the second segment occurred
afterwards with a concentration level of 17 mg/L. Although a step function is supported
by the time history data, historical information on the source area indicates the source
concentrations will decline. Unfortunately, data are not currently available to estimate a
rate of decline.

As discussed in Section 2.2, the transport model solution is an adaptation of a constant
source model, thus, it cannot handle the exponentially decaying source concentration
when written as a function. Rather, the exponential function must be fit to a series of
steps. For the transport modeling, a 4-year step size was used to fit the exponential
decline of the source concentration. This approximation was found to provide smooth
predicted concentration time histories, thus, we assume it is reasonable. Appendix C
presents a table of values used to represent the source concentration in the transport
modeling.

The transport model presented in Section 2.2 distributes the source over a line of length
Y. The value of Y represents the width of the source normal to the direction of
transport. The modeling results presented below were based on a value of Y of 600 ft,
which was measured from a Monsanto site plan.

4.4.2 Retardation Parameters

Chemical reactions that result in the temporary removal of a dissolved constituent from
solution are represented by the retardation parameter. These reactions, referred to as
sorption reactions, include both precipitation and adsorption. In both types of reactions
it is assumed the dissolved and sorbed phases of the constituent are in equilibrium. The
result of either reaction is a decline in the transport rate of the constituent. No mass is
removed from transport by retardation processes.
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Retardation is a function of the solute and the porous medium (Dragun, 1988). The
retardation parameter, R, is computed as follows:

R=1+2g
n

where

K, is the distribution coefficient (mV/g),
pp is the bulk density of the porous medium (g/ml), and
n is the porosity of the porous medium.

The distribution coefficient indicates the tendency for the solute to adhere to the solid
phase of the porous medium or to precipitate from pore water. The bulk density and
porosity are used for the purpose of a units conversion.

Table 4-3 presents distribution coefficients obtained from Dragun (1988) and the
corresponding retardation parameters for the constituents of potential interest. In
computing the retardation coefficient, the bulk density was assigned a value of 2 g/ml
and the porosity a value of 0.25 ml/ml, values assumed to represent the basalt interbeds
below the Monsanto plant (Freeze and Cherry, 1979). Based on these parameters the
retardation parameter is equal to 1+8K,, where K is the distribution coefficient.

As shown in Table 4-3, distribution coefficients were available for five constituents,
cadmium, manganese, molybdenum, selenium, and zinc. For these constituents, with the
exception of selenium, the retardation parameter was computed from the minimum value
for the distribution coefficient. As selenium in groundwater typically complexes with
oxygen and forms an anion, the retardation was assigned a value of 1, i.e., no retardation
occurs. Use of the minimum retardation value for the other constituents was a
conservative approach with respect to the travel time of the constituents. Thus, the
modeling results provide the earliest arrival times at the observation locations for the
constituents of potential concern.

Where data were lacking for the distribution coefficient, the retardation parameter was
determined by one of two ways. If the constituent typically occurs as an anion (a
negatively charged species) in groundwater, the retardation parameter was assumed
equal to 1, i.e., no retardation occurs. A retardation value of 1 was assigned to arsenic,
chloride, fluoride, nitrate, selenium, and sulfate. If the constituent typically occurs as a
cation (a positively charged species) in groundwater, the retardation parameter was
assigned a value of 1.8. This value is based on the minimum distribution coefficient of 0.1
ml/g that was reported for zinc. A retardation parameter value of 1.8 was assigned to
aluminum, nickel, and vanadium.
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4.5 Modeling Results

The transport solution presented in Section 2.2 was used to predict concentrations at
three locations in the shallow basalt aquifer based on a source located at the old
underflow solids ponds and using parameter values given above. A listing of the input
data files for the transport modeling is provided in Appendix D. Input data files are also
provided in machine readable form on diskette.

The three observation locations were located along the plume centerline (i.e., y-coordinate
= 0), which coincides with the maximum concentration in the plume at the particular x-
coordinate value and are shown on Figure 4-1. The x-coordinate values for the three
locations were 5,000 ft, 8,500 ft, and 18,500 ft. The first location at 5,000 ft occurs
approximately 500 ft south of the Monsanto plant southern fence line near the location of
TW-54 and TW-55, as shown on Figure 4-1. The second location at 8,500 ft occurs at the
estimated approximate discharge point of the plume into Soda Creek, if the plume were
in fact to follow a pathway to Soda Creek. The third location at 18,500 ft occurs at the
estimated approximate discharge point of the plume into Bear River, if the plume were in
fact to follow a pathway to Bear River.

Figures 4-16 through 4-28 present predicted time histories for the constituents at the three
observation locations. The general pattern observed in the results consists of a sharp rise
to a plateau representing the onset of pond usage. The plateau then continues during
the active period for the ponds. Following the active period, the concentrations decline
to background levels over time periods from 20 years to 100 years. The occurrence of a
plateau in the predicted time histories indicates that steady-state conditions in the aquifer
were predicted to occur during the active period of the ponds. In all cases except for
cadmium, the predicted maximum concentration exists or has already occurred at the
three observation locations. With respect to cadmium, the maximum concentration at
Soda Creek is predicted to occur around the year 2000 and that at Bear River is predicted
to occur around the year 2035. This delay in comparison to the other constituents is due
to the high retardation parameter for cadmium.

Cadmium concentrations in groundwater are known to be controlled by the mineral
otavite, a cadmium carbonate mineral. Earlier geochemical modeling of groundwater in
the UBZ-2 groundwater region (Golder, 1993a) showed that otavite is likely to exist in the
aquifer. In equilibrium with otavite, the dissolved cadmium concentration should remain
constant at about 0.06 mg/L. Figure 29 presents predicted cadmium time histories
assuming the maximum source concentration occurring during the period from 1964 to
1984 was 0.07 mg/L, a value slightly higher than the otavite equilibrium concentration.

As shown by Figure 29, the position of the time history curves is unchanged, however,
the maximum concentrations are lower by a factor of 2.

Fluoride also is a constituent of potential interest that commonly forms a mineral, and
hence may be subject to a solubility control. Fluoride was predicted to be in equilibrium
with fluorite, a calcium fluoride mineral, by the earlier geochemistry modeling (Golder,
1993a). In equilibrium with fluorite, the fluoride concentration will be limited to about 3.8
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mg/L. Figure 30 presents predicted fluoride time histories assuming the present day
source is constant at 4 mg/L. As shown in Figure 30, the steady-state conditions which
are predicted to exist now and into the future are a factor of about 4 less than shown on
Figure 4-20, which was created without consideration of solubility controls. As stated
above, the steady-state conditions predicted to occur are considered incorrect, as the
source is known to be finite and declining. Thus, the concentrations in groundwater
should decline into the future rather than remain constant.
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N

5. INTERPRETATIONS o

5.1 Groundwater Flow Modeling

The groundwater flow model presented in Section 3 agrees moderately well with
observations in the Blackfoot Lava Field. As the model was developed with a minimum
of calibration, the conceptual model of the Blackfoot Lava Field groundwater flow system
appears reasonable.

As pointed out, in the computer model there appears to be a problem involving the
overestimation of the groundwater velocity, most notably to the east of the Monsanto
plant where the velocity was predicted to be 26 ft/d. While this velocity is considered
high it is not considered impossible for the materials of the Blackfoot Lava Field and the
observed hydraulic gradients.

5.2 Solute Transport Modeling

Solute transport modeling presented in Section 4 provided reasonable predictions of

groundwater concentrations for arsenic, chloride, nitrate, selenium, and sulfate. Poor

predictions were obtained by the transport modeling for aluminum, cadmium, fluoride,

manganese, molybdenum, vanadium, and zin¢. In these cases, the model substantially
overestimated the currently observed concentrations. Table 5-1 presents a comparison of .)
predictions with observations from test wells 54 and 55. Both of these test wells are

shown on Figure 4-1 and are located about 500 ft to 750 ft south of the Monsanto plant

southern fence line.

In attempting to obtain a better fit of predictions to observations, the model was
calibrated to down-gradient groundwater concentrations observed in 1992 and 1993. By
considering model sensitivity and the input data, the retardation parameter was
determined to be the only calibration parameter that could alter concentrations to the
extent necessary. The source term was not a candidate for model calibration because it
was developed by calibration to test well 37. Other parameters such as the source width
and the dispersivities were considered to have minor effects on the model predictions.

Based on calibration to cadmium and manganese, which are two constituents with good
time history data, very large retardation values (R = 50 for cadmium and R = 45 for
manganese) were necessary to match the low observed concentrations. This same
pattern was anticipated to be observed for the other constituents and the calibration was
not completed. In calibrating the model to cadmium and manganese, we found a
discrepancy in the predicted model trends. The predicted trends obtained using the
large retardation values were increasing rather than decreasing at down-gradient
locations. Based on the time history data at test wells 22 and 36 where we observe
decreasing trends, the model incorrectly predicted increasing trends. Thus, it appears the
calibration based on retardation was not appropriate for comparing predictions to

®
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observations and that there are other processes occurring in the aquifer that reduce the
down-gradient concentrations.

The results of the calibration indicate that certain constituents become fixed in the aquifer
materials as they migrate down-gradient. The fixation of constituents within the aquifer
material will lower the down-gradient concentrations below those which would be
predicted by the transport model (as the transport model assumes equilibrium
partitioning). This fixation process, which is primarily ion exchange, is expected for
divalent and trivalent cations and is discussed by Dragun (1988). The constituents to
which this transport process applies include aluminum, cadmium, manganese,
molybdenum, vanadium, and zinc. For these parameters the model predictions are
overestimates due to the transport processes considered by the model and the results
cannot be improved by model calibration.

Although fluoride is not expected to undergo ion exchange because it is an anion,
fluoride may be controlled by fluorite, as discussed above, which could lead to the poor
match between observations and predictions. As shown in Table 5-1, the predicted
fluoride concentration assuming solubility control by fluorite matches the observations
more closely.
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TABLE 4-1

Dispersivity Parameter Values for Solute Transport Modeling

Dispersivity (ft) Observation at Observation at Observation at
5,000 ft (Aquifer) 8,500 ft (Soda 18,500 ft (Bear
Creek) River)
Longitudinal 231 ft 312 ft 460 ft
Transverse 23 ft 31ft 4.6 ft
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TABLE 4-2

Parameter Values Used to Determine Source Concentration

Constituent t; (yr) C(ty) B t, (yr) C(t,) r (yr}) C(1984)
(mg/L) (mg/L) (mg/L)
Aluminum 1988 1.25 1993 0.4 0.228 3
Arsenic 1986.5 0.013 1992.5 0.006 0.129 0.018
Cadmium 1985 1.22 1992 0.44 0.146 141
Chloride® 1985.5 259 1992 59 0.228 364
Fluoride® 1988 17 1992 17 0. 40
Manganese 1987 3 1992 13 0.167 4.95
Molybdenum® | - - 1993 0.76 0.125 207
Nickel 1988 0.245 19925 0.175 0.075 0.33
Nitrated 1986 9.1 1992 4.04 0.135 11.9
Selenium® - - 19925 0.52 0.125 151
Sulfate® 1985 526 1992 166 0.165 620
Vanadium 1986 0.20 1992 0.15 0.048 0.22
Zinc % 7.2 1992 i&_l_ 0.125 9.25 __

® Background concentration of 16 mg/L was subtracted from observed concentrations.

b Source function arranged as a step function with levels of 40 mg/L and 17 mg/L (see
text below).

€ Decay rate is average rate for aluminum, arsenic, cadmium, manganese, vanadium, and
zinc.

4 Background concentration of 0.96 was subtracted from observed concentrations.

¢ Background concentration of 74 mg/L was subtracted from observed concentrations.
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TABLE 4-3
. Retardation Parameters
Constituent Distribution Distribt-.ltion —-‘Retardation T
Coefficient Range® Coefficient Mean Parameter
(mVg) (mVg)
Aluminum - - 1.8
Arsenic - - 1
| Cadmium 13-27 19 11.
Chloride - - 1
Fluoride - - 1
Manganese 0.2 - 10,000 5.0 26
Molybdenum 04 - 400 3. 42
‘ Nickel - - 18
| Nitrate - - 1
‘; Selenium 12-86 L 1
i . Sulfate - - 1
i . Vanadium - - 18
Zinc 0.1 - 8,000 28 18
|

® Distribution coefficients (range and mean) were obtained from Dragun (1988).
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TABLE 5-1

Comparison Between Predicted and Observed Concentrations

Constituent Model Output | Test Well 54, Test Well 55,—F
@ 5,000 ft May, 1993 May, 1993
(mg/L) (mg/L) (mg/L)

Aluminum 0.702 0.108 0.026 B

Arsenic 0.006 0.001U 0.001 U

Cadmium 1.26 (0.062)* 0.005 U 0.005 U I

Chloride 78 152 644 I

Fluoride 155 (3.6)° 55 0.20

Manganese 1.96 0.028 0.02

Molybdenum | 1.32 0.104 0.008 U

‘Nickel 0.188 0.026 U 0.026 U

Nitrate 49 7.38 3.08 “

Selenium | 0538 0.635 0138 |

Sulfate 239 430 216

Vanadium 0.149 0.009 U 0.009 U

IL Zinc 3.88 0.05 0041 U

® Value in parentheses is prediction with otavite solubility control. ® Value in parentheses
is prediction with fluorite solubility control. U undetected, B questionable, ] estimated
value.
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,'
file: mcdom.c

‘ MONSANTO, PHASE 11 RI/FS
913-1101.605

This program solves a modified form of the Demenico (1987)
solution for transport in a uniform flow field with a continuous
source, Co, under transient conditions. Advection, dispersion,
and retardation processes are considered.

PROGRAM INPUT

The program §s executed by typing mcdom at the dos prompt in the directory

containing the executable image mcdom.exe. The program prompte the user for two

files, one containing input date and the other an output file for general program output.
The irput file must contain the information listed below exactly as ordered.

Record #1
K, n, grad
Record #2
alpha_l, alpha_t, R, co
Record #3
Dt, ft, Nits
Record #
X8, ys, Y2, Nsrc
Record #5 (Nsrc records)

t, ¢
Record #(4+lsrc)
Nobs

Record #5 (Nobs records)
n1, x1, y1, tol

: ) Nobs records

rll, xN, YN, to
Record #7 (up to 30 records)

tel0]
. tett)

tc29]
where:
X hydraul fc conductivity (L/t)
n effective porosity (V/V)
grad hydraul ic gradient (L/L)
alphe_l longitudinal dispersivity (L)
alpha_t transverse dispersivity (L)
R retardation (-)
co background concentration (mass/volume)
bt simulation time step sfze (t)
ft time units conversion factor (yr/t, e.g., yr/dsys or 1/365 = 0.0027)
(output time = yo + ft * gimulation time)
Nits nurber of time steps (Nits ® Dt is total simulation time)
if Nits < 0, discrete times are read at end of input file into array tcll
X8, ys contiruous source location
Y2 source half-uidth (L)
Nsrc number of source function segments
t start time of source function segment (yr)
3 concentration of source function segment (mass/volume)
Nobs number of observation Locations
fni file name for output (t vs C) at respective location (up to 32 characters)
x1, v observation location coordinates
to first time at which output will begin to be written (yr)

. tel) array of calculation times (yr)




Note: Time data used internally by the progrem is converted to simulation time units (t). For
example, t1 is converted to units of (t) by the expression t1’ = (ti-yo)/ft. Likewise
all times specified in tc[] sre converted to units of t by tcD)’ = (tcD-yo)/ft, etc. It
is up to the user to correctly choose the units of (t) and velues for yo, ft, r, tclil,
and t. Values for Dt and dt must be specified in units of L/t.

PROGRAM OUTPUT

Output is written to two or more files. The first output file is named by the user

upon execution of the program. This file contains an echo of the input file. Additional
output files contain t vs. C time history data at observation locations. Each file is named
in the input file -- field fn1 -- as described above.

Golder Contact: Mark Cunnane
*/

#include <stdic.h>
#include <stdlib.h>
#include <math.h>

#define P1 3.1415926
#define MAXT 30
#define 1TRAX 100
#define EPS 3.E-07

typedef struct (
float x;
float y;
float to;
float c;
FILE *fp;
char fn[321;)
obs_t;

typedef struct (
float t;
float ¢;)
sre_t;

¢loat erf(float);

float gamp(float, float);
float gser(float, float);
float gcf(float, float);
double gammln(float);

void main()
<
I' ----------------------------------------- rPecsessecersmsscencscEEReacannanse -
Declarations
*/
char f_in321, f out(3);
int Nits, Nobs, Nsrc, Nc, Nc_echo;
int i, §o k2
float K, n, grad, vd, wp;
float alpha_L, slpha_t, R, co;
float bt, yo, ft, Y2;
float xs, ys, ts, C;
float tcMAXT), ¢, X, ¥;
float pl, P, B3;
obs_t *Cobs;
src_t *Csre;

FILE *fin, *fout, *fopen();
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printf("\nEnter the input file name: ¥);
scanf("Xs", {_in);

printf(*\nEnter the output file name: %);
scanf(*Xs¥, f_out);

fin = fopen(f_in,»r");
fout = fopen(¥_out,"w");

fscanf(fin, "xf Xf Xf», KX, &n, &grad);

fscanf(fin,"%f Xf Xf Xf*, dalpha_l, Ralpha_t, &R, &c0);
fscanf(fin,*Xf Xf Xd*, &Dt, &ft, &Nits);

fscanf(fin,"Xf Xf Xf Xd*, &xs, &ys, Y2, &Nsrc);

Csrc = (src_t *) calloc(Nsre, sizeof(src_t));
for(i=s0; i<Nsrc; ie+)
fscanf(fin,"Xf Xf*, &Csrc(i).t, &Csreli).c);

focanf(fin, Xd%, &Nobs);

Cobs = (obs_t *) calloc(Nobs, sizeof(obs_t)); /* allocate memory */
for(i=0; i<Nobs; {++)
fscanf(fin,"Xs Xf Xf Xfv, Cobs([{).fn, &Cobs(i]l.x, &Cobs[il.y, &Cobs[il.to);

for(i=0; i <Nobs; ++)
Cobs[il.fp = fopen(Cobs[i].fn,"w");

if(Nits < 0)
<

if=0;
while(ifeof(fin))

<
. fscanf(fin,"xf*, &tclf));
fee;

)
Ne = {-1;
Nc_echo = Nc;

else
L8

Nc = Nits;
’ Nc_echo = 0;

vd = K*grad;
vp = K*grad/n;
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fprintf(fout, *\nSUMMARY OF INPUT DATA FOR PROGRAM UBZPLUME\n"):
fprintf(fout,®Input file: Xs\n®, f_in);

fprintf(fout,\nHydrologic Data:\n");

fprintf(fout,® Hydraulic Conductivity..cseaeceecsec . Xf\N®, K32
fprintf(fout,® Mydraulic Gradient.scecceccscssssasXf\n®, grad);
fprintf(fout,® Porosity..ccceececcesacavncsccccccass®f\n?, n);
fprintf(fout,® Darcy Velocity.eeereeresscecsacsscc Xf\n®, wd):
fprintf(fout,® Seepage VeloCityececeoveosenssenaseXf\N", vp);
fprintf(fout,"\nTransport Datas\n");

fprintf(fout,” Longitudinal Dispersivity..cccasse..Xf\n", alphs_l);
fprintf(fout,® Transverse Dispersivity....cccc.....%f\n", alpha_t);
fprintf(fout,® RetardatioN..cceccessscccccrscacesscf\n®, R);
fprintf(fout,® Transport velocity.ceeercacecnesasns . Xf\N®, vp/R);
fprintf(fout,"\nCalculation Data:\n");

fprintf(fout,” Calculation time step.ccccccccncaas Xf\N", Dt);
fprintf(fout,® No. of calculation stepsS...ccccec...Xd\n®, (int) max(Nits,0));
fprintf(fout,” No. discrete calculations...........%d\n", Nc_echo);
fprintf(fout,*\nContinuous Source Data:\n");

fprintf(fout,® X-coordinate..ceccceccccccccrcsssecscif\n?, Xx8);
fpl“ntf(fm," Y‘tﬂOf‘d’Mte-..............-.-.--...xf\h", YS);
fprintf(fout,” background concentration..cececss...Xf\n", c0);
fpr'nt"fwt,- source hllf'ﬂ‘dﬂl...................Zf\h’, YZ):
fprintf(fout,"\nSource Term Function:\n®);

fprintf(fout,"Segment No. Start Concentration\n®);

for(i=0; iaisrc; i++)
fprintf(fout,* id xif xf\n®, i, Csrelf).t, Csrcli).c);
fprintf(fout,*\nObservation Locations:\n%);
fprintf(fout,“Location No, X-coord Y-coord Output time\n");
for(i=0; i <diobs; i++)
fprintf(fout,® %d Xf %f Xf\n®, i, Cobs[i).x, Cobs[il.y, Cobs{il.to);
fprintf(fout,"\nEND OF FILE");
Jtececescccccnsconnsenean eceecsaccscrasmasanancenne wemesescmmemcencssasannn come
Calculations
*/
v /= R;
yo = Csrel0).t;
t=0.;
for(i=0; i src;i++)

Csrelil.t = (Csrc(i).t-yo)/ft;
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. for(i=0; i<Nc; i)
<

if(Nits < 0)

t = (tcli)-yo)/ft;
else

t += Dt;

ts = Csrecl0).t;
C = Csrel0}.c;
for(k=0; k<Nobs; k++)

<
x = Cobs(kl.x - xs;
y = Cobs(k]l.y -~ ys;
pl = (x - vp*(t-ts))/(2.%sqrt(atpha_L*vp*(t-ts)));
p2 = (y + Y2)/(2.*sqrt(alphs_t*x));
p3 = (y - Y2)/(2.*sqrt(alpha_t*x));
Cobs[iQ.c = C/4.%(1.~erf(p1))*(erf(p2)-erf(p3));

)
:or(jﬂ;jdsre; j)

ts = Csrcljl.t;

C = Csreljl.c-Csrclj~-11.c;
if(t <= tg) continue;
for(k=0;k<Nobs; k++)

<

x = Cobs[kl.x - xs;

y = Cobs[kl.y - ys;

pl = (x - vp(t-ts))/(2.*sqrt(alpha_l*vp*(t-t5)));
p2 = (y + Y2)/(2.*sqrt(alphe_t*x));

3 = (y - Y2)/(2.*sqrt(alpha_t*x));

Cobs[kl.c += C/4.*(1.~erf(p1))*(erf(p2)-erf(p3));

)
2 /* loop for source function segments */
for(k=0;k<Nobs; k++)
ff(yorftot >= Cobs([k].to)
fprintf(Cobs[kl.fp,® Xf Xe\n", yo+ft*t, cotCobsik}.c);
) /* time loop */

for(i=0; i<Nobs; i++)
fclose(Cobs[§).fp);

fclose(fin);
fclose(fout);

return;
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/* Error Function--erf(x)

Program algorithms are those provided in Numerical
Recipes (1986) in FORTRAN (page 160). The

algorithms were translated to C from FORTRAN.

Program output was tested against values from Table 7.1
in Abromouitz and Stegun (Ninth Printing) for 5 values.
Results were 100% accurate to & decimal digits and
approximately 60X accurate to 5 decimal digits. Where
the program output deviated from Teble 7.1, differences
were no greater than 1.0E-05.

N. Cunnane June 15, 1990 %/

float erf(float x)
<

)

float val;

iftx < 0.0)
val = -gammp(0.5,pou(x,2));

se
val = gammp(0.5S,pom(x,2));
return val;

el

float gammp(float a, float X)

float val;
if(x <0, || 8 <0.)
<

printf(*Error in function gammp(a,x)\n");
exit(0);

)
ff(x<a+t,)

val = gser(s, X);
else

val = 1, - gef(a, x);
return val;

float gser(float a, float x)
<

float ap, sum, del, gln, val;
int i;

if(x < 0.)
<

printf(“Error in function gser(a, x)\n");
exit(0);
)

i=1;
gln = (float) gamin(a);
ap = a;
sums 1. / a;
del = sum;
while(fabs(del) > fabs(sum) * EPS && i < ITMAX)
<
i 9;
+»= i;
del *= x / ap;
sum += del;

)
(i >= 1THAX)
<
printf(“Convergence error in function gser(a, x)\n");
exit(D);
)
val = sum * exp(-x + a * log(x) - gin);
return val;




September 21, 1993 7

float gcf(float a, float x)
<

float a0, at, b0, b1, gln;
float an, ana, anf, fac, g, gold, val;
int i;

gln = (float) gammln(a);

gold = 0.;

a0 = 1.;

al = x;

b0 = 0.;

bl = 1.;

fac = 1,;

while(fabs((g - gold) / g9) > EPS && i < ITMAX)

<

fe=21;
gold = g;
an = (float) i;
ana = an - a;
a0 = Cal + a0 * ana) * fac;
b0 = (bl + b0 * ana) * fac;
anf = an * fac;
al = x * a0 + anf * al;
bl = x * b0 + anf * b1;
ifcat I= 0.)
L4

fac = 1. / al;
g = bl * fac;
)

)
if(i >=2 ITTMAX || | <= 1)
<
printf("Convergence error in function gcf(a, x)\n");
printf("X5d Iterations were completed\n®, {);
exit(0);
)
val = exp(-x + a * log(x) - gln) * g;
return val;

double gammin(float a)
<

int i;
double x, tmp, ser, val;
static double cof(6] = (76.18009173,
-86.50532033,
264.01409822,
=1.231739516,
0.120858003E-02,
-0.536382E-05);
static double stp = 2.50662827445;

SebE

~a 9

1.2
+5.5;
+ 0.5) * log(tmp) - tmp;

“0; 1 <= 5; i+)

[ Yo X ]

- O

(

X +a 3.,
ser += cof(i] / x;

val = tmp + log(stp * ser);
return val;
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FLOWPATH logbook for data set : REGIONAL

L e dd e d et D s e bt oo d g Dt e e gt DLl

* ECHOPRINTY .
L ] -
. FLOWPATH -
° version 3.0 .
- *
* FLOWPATH was written by Thomas Franz and Nilson Guiguer *
[ 4 -
AR TR PSR RN ARSI RO AR RO RTN RO RN TR PO RO RR Y
L ] L
o Copyright 1989, 1990 .
* by *
b Waterloo Hydrogeologic Software -
- 113-106 Seagram Drive L
® Waterloo, Ontario -
: N2L 388, Canada -

-
b ph (519) 746-1798 -

-
VRS TUE AT TN AN TR IR AT AR RNAAN AN P AN RO ROV SRR P AT RR N RTTORY

Unit System : English units [ft/gal/d}

“howe

Nurber of x-grid lLines
Number of y-grid lines

GRID PARAMETERS

L]

24
40

Grid coordinates (x-grid lines) [ft) :

0.00000E+00
2.60870E+03
5.21739E+03
7.82609E+03
1.04348E+04
1.30435E+04
1.56522E+04
1.82609E+04
2.08696E+04
2.34783E+04
2.60870E+04
2.86957E+04
3.13043E+04
3.39130E+04
3.65217e+04
3.91304E+04
4.17391E+04
4 .434TBE+04
4 .69565E+04
4 .95652E+04
5.21739E+04
5.47826E+04
5.73913E+04
6.00000E+04

Grid coordinates (y-grid lines) [ft] :

NOVISA WA -

0.00000E+00
2.56410E+03
5.12821E+03
7.69231E+03
1.02564E+04
1.28205E+04
1.53846E+04




Number

-d

witrdd

Number

S OoOVEONOWVISWIN-

-l

OO UIN -

1.79487E+04 -
2.05128E+04
2.30769E+04
2.56410E+04
2.82051E+04
3.07692E+04
3.333336+04
3.58974E+04
3.84615E+04
4.10256E+04
4 .35B9TE+04
4 .61538E+04
4 .8T179E+04
5.12821E+04
5.38462E+04
5.64103E+04
5.89744E+04
6.15385E+04
6.41026E+04
6.6666TE+D4
6.92308E+04
7. 17949E+04
7.43590E+04
7.69231E+04
7.94B72E+04
8.20513E+04
8.48154E+04
8.71795E+04
8.97436E+04
9.23077E+04
9.487186+04
9.74359E+04
1.00000E+05

well discharge
{gpd)

WELL PARAMETERS  wwwwe
of wells : 11

i X Y

[¢44] [439]

12 23  2.87631E+04  5.64159E+04
11 23  2.61062E+04 5.64159E+04
10 22 2.34513E+04 5.37611E+04
10 21  2.34513E+04 5.13274E+04

9 20 2.07965E+04 4 .BS6T26E+D4
16 16 3.91593E+04  3.B4956E+04
14 13 3.38496E+04 3.07522E+04
17 16 4.18142E+04  3,B4956E+04
17 17 4.18142E+04 4 .09292E+04
16 17 3.91593E+404 4 .09292E+04
13 16  3.1194TE+04  3.B49S6E+04

CONSTRAINED HEAD NODES ~ wwwaw
of constant head nodes : 10

i X Y

tft) [ftd

14 38 3.38496E+04 9.49115E+04
15 38  3.65044E+04 9.49115E+04
11 36 2.61062E+04 8.98230E+04
12 37 2.B7611E+04  9.22566E+04
13 37  3.11947e+04  9.22566E+04
16 37 3.91593E+04 9.22566E+04
16 36 3.91593E+D4 8.98230E+04

7 11 1.570BO0E+04 2.56637E+04

8 11  1.8362BE+04  2.56637E+04

9 10 2.07965E+04 2.30088E+04

~2.00000E+06
-2.00000E+06
-2.00000E+06
=2.00000E+06
-2.00000E+06
3.20000E+06
~3.33000E+06
3.20000E+06
3,20000E+06
3.20000E+06
-2.00000E+06

const. head
ift)

6.13000E+03
6.13000E+03
6.13000E+03
6.13000E+03
6.13000E+03
6.13000E+03
6.13000E+03
5.71500£+03
5.71500E+03
5.71500E+03




‘hdew

SPECIFIED FLUX NODES

Number of flux nodes : 52

CONOWB®WN -

N N

- -
VMVMOOORON~NINW

i

-

X
144 9]

4 .69027E+04
4 .69027E+04
2.345136+404
4 .69027E+04
2.87611E+04
4 424 TBE+04
4 .95575E+04
4 .69027E+04
4 424TBE+04
4.18142E+04
3.91593e+04
3.65044E+04
3.38496E+04
3.11947e+04
& 424 TBE+04
2.345136+04
4.18142E+04
4.18142E+04
2.34513E+04
2.34513E+04
4 .L24TBE+04
4 .L24TBE+04
4.L24TBE+04
4 .69027E+04
7.7T4336E+03
4 .69027E+04
4.69027E+04
& .95575E+04
4 955756404
2.61062E+04
4 .424T8E+04
5.22124E+04
4 .69027E+04
5 .486T3E+04
5.48673E+04
1.039828+04
1.57080E+04
1.57080E+04
1.57080E+04
2.34513E+04
1.30531E+04
1.30531E+04
2.34513E+04
1.03982E+04
1.03982E+04
4 .69027€+04
4 .L24T8E+04
4 .69027E+04
4. 18142E+04
4 .69027E+04
4 .95575E+04
5.4B6T3E+D4

wews®  SURFACE WATER BODIES

Lad gl

Y
tftl

7.94248E+04
7.69912E+04
1.28319E+04
7.19027€+04
7.Ta336E+03
6.92478E+04
7.74336E+03
T.74336E+03
5.08850E+03
5.08850E+03
5.08850E+03
7.74336E+03
7.74336E+03
7.74336E+03
5.13274E+04
1.54887E+04
4 .86T26E+04
4 .62389E+04
2.05752E+04
1.79204E+04
4 .09292E+04
3.84956E+04
6.15044E+04
3.58407E+04
5.37611E+04
3.07522E+04
5.64159E+04
2.80973E+04
2.56637E+04
7.74336E+03
6.65929€+04
2.05752E+04
5.90708E+04
1.79204E+04
1.54B6TE+04
5.13274E+04
3.34071E+04
3.584L07TE+04
3.84956E+04
1.01770E+04
4 .09292E+04
4 3584 1E+04
7.76336E+03
4 .62389E+04
4 .B6T26E+04
5.37611E+04
6.41593E+04
7.43363E+04
4.35841E+04
3.34071E+04
2.30088E+04
1.28319E+04

a4 4 2]

Number of surface water body nodes : 0

it

Number of different material properties : 2

AQUIFER PROPERTIES

whedrwd

nodal flow
[ft*3/¢242/d)

1.00000E+00
1.00000E+00
-5.00000E+00
1.00000E+00
-3.00000E+00
1.00000E+00
=1.00000E+00
-1.00000E+00
=1.00000E+00
-2.00000E+00
-2.00000E+00
-2.00000E+00
-3.00000E+00
-3.00000E+00
2.00000E+00
-6.00000E+00
2.00000E+00
2.00000E+00
-8.00000E+00
-7.00000E+00
2.00000E+00
2.00000E+00
1.00000E+00
2.00000E+00
1.00000E+00
2.00000E+00
1.00000E+00
2.00000E+00
2.00000E+00
-3.00000E+00
1.00000E+00
2.00000E+00
1.00000E+00
2.00000E+00
2.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
=4 .00000E+00
1.00000E+00
1.00000E+00
=4 .00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
2.00000E+00
2.00000E+00
2.00000E+00
2.00000E+00




(default)

-]

Porosity
4.00000E+02 4.00000E+02 3.00000E-0%

3.00000E-01

tfr/dl
6 7 8 9% 10 11 12 13 % 15 16 17

4.00000E+01

[tt/dl
&

K

4 .00000E+01

No.
1
2

eawwaawwwe DISTRIBUTION OF AQUIFER MATERIAL PROPERT]ES wotwwwwnaw
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APPENDIX C

LISTING OF SOURCE CONCENTRATIONS

Golder Associates



SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS

Year Aluminum Arsenic Cadmium Cadmium Chloride Fluoride | Manganese | Molybdenum
w/otavite
1964 3.11 0.018 1.41 0.07 364 40 4,95 2.07
1984 1.971 0.014 1.053 0.052 230.708 17.000 3.544 1.612
1988 0.792 0.008 0.587 0.029 92.680 17.000 1.817 0.978
1992 0.318 0.005 0.327 0.016 37.231 17.000 0.932 0.593
1996 0.128 0.003 0.183 0.009 14,957 17.000 0.478 0.360
2000 0.051 0.002 0.102 0.005 6.008 17.000 0.245 0.218
2004 0.021 0.001 0.057 0.003 2.414 17.000 0.126 0.132
2008 0.008 0.001 0.032 0.002 0.970 17.000 0.064 0.080
2012 0.003 0.000 0.018 0.001 0.390 17.000 0.033 0.049
2016 0.001 0.000 0.010 0.000 0.156 17.000 0.017 0.030
2020 0.001 0.000 0.005 0.000 0.063 17.000 0.009 0.018
2024 0.000 0.000 0.003 0.000 0.025 17.000 0.004 0.011
2028 0.000 0.000 0.002 0.000 0.010 17.000 0.002 0.007
2032 0.000 0.000 0.001 0.000 0.004 17.000 0.001 0.004
2036 0.000 0.000 0.001 0.000 0.002 17.000 0.001 0.002
2040 0.000 0.000 0.000 0.000 0.001 17.000 0.000 0.001
2044 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.001
2048 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.001
2052 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2056 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2060 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2064 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2068 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2072 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2076 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2080 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
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SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS

Year Aluminum Arsenic Cadmium Cadmium Chloride Fluoride | Manganese | Molybdenum
w/otavite
2084 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2088 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2092 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2096 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2100 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2104 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2108 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
2112 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000
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'
1

SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS

Year Nickel Nitrate Selenium Sulfate Vanadium Zinc
1964 0.33 11.9 1.51 620 0.22 9.25
1984 0.284 9.084 1.176 445,733 0.200 7.204
1988 0.210 5.294 0.713 230.378 0.165 4.369
1992 0.156 3.085 0.433 119.071 0.136 2.650
1996 0.115 1.798 0.262 61.542 0.112 1.607
2000 0.086 1.048 0.159 31.808 0.093 0.975
2004 0.063 0.611 0.097 16.440 0.077 0.591
2008 0.047 0.356 0.059 8.497 0.063 0.359
2012 0.035 0.207 0.036 4.392 0.052 0.218
2016 0.026 0.121 0.022 2.270 0.043 0.132
2020 0.019 0.070 0.013 1.173 0.036 0.080
2024 0.014 0.041 0.008 0.606 0.029 0.049
2028 0.010 0.024 0.005 0.313 0.024 0.029
2032 0.008 0.014 0.003 0.162 0.020 0.018
2036 0.006 0.008 0.002 0.084 0.016 0.011
2040 0.004 0.005 0.001 0.043 0.014 0.007
2044 0.003 0.003 0.001 0.022 0.011 0.004
2048 0.002 0.002 0.000 0.012 0.009 0.002
2052 0.002 0.001 0.000 0.006 0.008 0.001
2056 0.001 0.001 0.000 0.003 0.006 0.001
2060 0.001 0.000 0.000 0.002 0.005 0.001
2064 0.001 0.000 0.000 0.001 0.004 0.000
2068 0.001 0.000 0.000 0.000 0.004 0.000
2072 0.000 0.000 0.000 0.000 0.003 0.000
2076 0.000 0.000 0.000 0.000 0.002 0.000
2080 0.000 0.000 0.000 0.000 0.002 0.000

MONSANTO 913-1101.605




SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS

Year Nickel Nitrate Selenium Sulfate Vanadium Zinc
2084 0.000 0.000 0.000 0.000 0.002 0.000
2088 0.000 0.000 0.000 0.000 0.001 0.000
2092 0.000 0.000 0.000 0.000 0.001 0.000
2096 0.000 0.000 0.000 0.000 0.001 0.000
2100 0.000 0.000 0.000 0.000 0.001 0.000
2104 0.000 0.000 0.000 0.000 0.001 0.000
2108 0.000 0.000 0.000 0.000 0.001 0.000
2112 0.000 0.000 0.000 0.000 0.000 0.000

MONSANTO 913-1101.605
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Files listed below are contained on diskette as named. (MONSANTO 913-1101.605)

ALUMINUM
file: 810.in

400. 0.3 0.0075
230 3. 1.8 0.
730. 0.00274 30
0 0 300. 11
1964. 3.11
1984. 1.9N
1988, 0.792
1992. 0.318
1996. 0.128
2000. 0.051
2004. 0.021
2008. 0.008
2012. 0.003
2016, 0.001
2020. 0.001

1
al0.dat 5000. 0. 0.

file: alt.in

400. 0.3 0.0075
312. 3. 1.8 0.
730. 0.00274 30
0 0 300. 11
1964. 3.1
1984. 1.9
1988. 0.792
1992. 0.318
1996. 0.128
2000. 0.051
2004. 0.021 -
2008, 0.008
2012. 0.003
2016. 0.001
2020. 0.001

1
al1.dat 8500. 0. 0.

file: al2.in

400. 0.3 0.0075
460. 3. 1.8 0.
730. 0.00274¢ 30
0 0 300. 11
1964. 3.11
1984, 1.971
1988. 0.792
1992. 0.318
1996. 0.128
2000. 0.051
2004. 0.021
2008. 0.008
2012. 0.003
2016. 0.001
2020. 0.001

1
al2.dat 18500. 0. O.

ARSENIC
file: as0.in

400. 0.3 0.0075
230 3. 1. 0.
730. 0.00274 30
0 0 300. 9
1964. 0.018
1984. 0.0%4
1988. 0.008
1992. 0.005

NITRATE
fite: n0.in

400. 0.3 0.0075
230 3. 1. 0.96
730. 0.00274 50
0 0 300. 21
1964
1984
1988
1992
1996
2000
2004
2008
2012
2016

1
n0.dat 5000. C. O,

file: nl.in

400. 0.3 0.0075
312. 3. 1. 0.96
730. 0.00274 50
0 0 300. 21

1
ni.dat 8500. 0. 0.

file: n2.in

400. 0.3 0.0075
460. 3. 1. 0.96
730. 0.00274 50
0 0 300. 21
1964
1984
1988
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1996. 0.003
2000, 0.002
2004 0.001
2008 0.001
2012 0.000

1
as0.dat 5000. 0. 0.
file: asl.in

400, 0.3 0.0075
3123. 1. 0.
730. 0.00274 30
0 0 300. 9
1964. 0.018
1984. 0.014
1988. 0.008
1992. 0.005
1996. 0.003
2000. 0.002
2004 0.00%
2008 0.00%
%012 0.000

asi.dat 8500, 0. O.
file: 8s2.in

400. 0.3 0.0075
460. 3. 1. 0.
730. 0.00274 30
00 300. 9
1964. 0.018
1984. 0.014
1988. 0.008
1992. 0.005
1996. 0.003
2000. 0.002
2004 0.001
2008 0.001
?012 0.000

as2.dat 18500. 0. O.
CADMIUN
file: cd0.in

400. 0.3 0.0075
230 3. 11. 0.
730. 0.00274 60
0. 0. 300. 16
1964 1.41

1984 1.053
1988 0.587
1992 0.327
1996 0.183
2000 0.102
2004 0.057
2008 0.032
2012 0.018
2016 0.010
2020 0.005

2024 0.003
2028 0.002

2032 0.001

2036 0.001

2040 0.000

1

ed0.dat 5000. 0. O.
file: cdl.in

400, 0.3 0.0075

312. 3. 11 0.
730. 0.00274 60

2004 0.611

2008 0.356
2012 0.207
2016 0.121
2020 0.070
2024 0.041
2028 0.024
2032 0.014
2036 0.008
2040 0.005
2044 0.003
2048 0.002
2052 0.001
2056 0.001
] 2060 0.000
n2.dat 18500. 0. O.

NICKEL
file: ni0.in
400. 0.3 0.0075

230 3. 1.8 0.

730. 0.00274 40

0 0 300. 24
1964 0.33
1984 0.284
1988 0.210
1992 0.156
1996 0.115
2000 0.086
2004 0.063
2008 0.047
2012 0.035
2016 0.026
2020 0.019
2024 0.014
2028 0.010
2032 0.008
2036 0.006
2040 0.004
2044 0.003
2048 0.002
2052 0.002
2056 0.001
2060 0.001
2064 0.001
2068 0.001
2072 0.000

1
ni0.dat 5000. 0. O.
file: nit.in

400. 0.3 0.0075
312. 3. 1.8 0.
730. 0.00274 40
0 0 300. 24
1964

0.33
1984 0.284
1988 0.210
1992 0.156
1996 6.115
2000 0.086
2004 0.063
2008 0.047
2012 0.035
2016 0.026
2020 0.019
2024 0.014
2028 0.010
2032 0.008
2036 0.006
2040 0.004
2044 0.003




0. 0. 300. 16
1964 1.41
1984 1.053
1988 0.587
1992 0.327
1996 0.183
2000 ©.102
2004 0.057
2008 0.032
2012 0.018
2016 0.010
2020 0.005
2024 0.003
2028 0.002
2032 0.001
2036 0.001
2040 0.000

1
cdi.dat 8500. 0. O.
file: cd2.in

400. 0.3 0.0075
460. 3. 11 0.
730. 0.00274 60
0. 0. 300. 16
1964 1.41

1984 1.053

1988 0.587
1992 0.327
1996 0.183
2000 0.102
2004 0.057
2008 0.032
2012 0.018
2016 0.010
2020 0.005
2024 0.003
2028 0.002
2032 0.001
2036 0.001
2040 0.000

:dz.dat 18500. 0. 0.
CHLORIDE

file: cl0.in

400, 0.3 0.0075

230 3. 1. 16.

730. 0.00274 30

0 0 300. 17
1964 364
1984 230.708
1988 92.680
1992 37.231
1996 14.957
2000 6.008
2004 2.414
2008 0.970
2012 0.390
2016 0.156
2020 0.063
2024 0.025
2028 0.010
2032 0.004
2036 0.002
2040 0.001
2044 0.000

1

cl0.dat 5000, 0. O.
file: cl1.in

400. 0.3 0.0075

2048
2052
2056
2060
2064
2068
2072

0.002
0.002
0.001
0.001
0.001
0.001
0.000

1
nfl.dat 8500. 0. O.

file: ni2.in

400. 0.3 0.0075
460. 3. 1.8 0.
730. 0.00274 40
0 0 300, 24
1964
1984
1988
1992
1996
2000
2004
2008
2012
2016

3

ni2.dat 18500. 0.
SELENIUN

file: sel.in

400. 0.3 0.0075
230 3. 1. 0.
730. 0.00274 50
0 0 300. 18
1964
1984
1988
1992
1996
2000
2004
2008
2012
2016
2020
2024
2028
2032
2036

e
u

BHEREZRIE

85%%

OOQOOOOOOO?QOQOOOOOOOO
0000

g8888RERE

g

1.51
1.176
0.713
0.433
0.262
0.159
0.097
0.059
0.036
0.022
0.013
0.008
0.005
0.003
0.002
0.001
0.001
0.000

1
se0.dat 5000. 0. 0.

file: sel.in

400. 0.3 0.0075
312. 3. 1. 0.



312 3. 1. 16,

730. 0.00274 30

0 0 300. 17
1964 364
1984 230.708
1988 92.680
1992 37.231
1996 14.957

2000 6.008
2004 2.414
2008 0.970
2012 0.390
2016 0.156
2020 0.063
2024 0.025
2028 0.010
2032 0.004
2036 0.002
2040 0.001
2044 0.000

1
cl1.dat 8500, 0. O.
file: cl2.in

400. 0.3 0.0075

460, 3. 1, 16.

730. 0.00274 30

0 0 300. 17
1964 364
1984 230.708
1988 92.680

1992 37.231
1996 14.957
2000 6.008
2004 2.6
2008 0.970
2012 0.390
2016 0.156
2020 0.063
2024 0.025
2028 0.010
2032 0.004
2036 0.002
2040 0.001
: 2044 0.000
cl2.dat 18500. 0. 0.
FLUORIDE

file: £10.in

400. 0.3 0.0075
230 3. 1. 0.
730. 0.00274 30
0 0 300. 2
1964. 40.

:984. 17.

f10.dat 5000. 0. 0.
file: fl11.in

400, 0.3 0.0075
312. 3. 1. 0.

730. 0.00274 30

0 0 300, 2

1964. 40.

1984. 17,

1

f11.dat 8500. 0. O.
file: fl2.in

400. 0.3 0.0075

730. 0.00274 50

0 0 300. 18
1964 1.51
1984 1.176
1988 0.713
1992 0.433
1996 0.262
2000 0.159
2004 0.097
2008 0.059
2012 0.036
2016 0.022
2020 0.013
2024 0.008
2028 0.005
2032 0.003
2036 0.002
2040 0.001
2044 0.001
2048 0.000

1
sel.dat 8500. 0. 0.
file: se2.in

400. 0.3 0.0075
460. 3. 1. 0.
730. 0.00274 50
0 0 300. 18
1964

1.51
1984 1.176
1988 0.713
1992 0.433
1996 0.262
2000 0.159
2004 0.097
2008 0.05¢9
2012 0.
2016 0.022
2020 0.013
2024 0.008
2028 0.005
2032 0.003
2036 0.002
2040 0.001
2044 0.001
2048 0.000

1

se2.dat 18500. 0. 0.
SULFATE

file: s0.in

400. 0.3 0.0075

230 3. 1. 74.

730. 0.00274 50

00300 23
1964 620
1984 445.733
1988 230.378
1992 119.071
1996 61,542
2000 31.808

2004 16.440
2008 8.497
2012 4.392
2016 2.270
2020 1.173
2024 0.606
2028 0.313
2032 0.162
2036 0.084
2040 0.043
2044 0.022
2048 0.012




460. 3. 1. 0.
730. 0.00274 30
0 0 300. 2
1964, 40.

1984. 17.

1
f12.dat 18500. 0. O.
MANGANESE

file: m0.in

400. 0.3 0.0075

230 3. 2.6 0.

730. 0.00274 40

0 0 300. 16
1964 4.95
1984 3.544
1988 1.817
1992 0.932
1996 0.478
2000 0.245
2004 0.126
2008 0.064
2012 0.033
2016 0.017
2020 0.00%
2024 0.004
2028 0.002
2032 0.001
2036 0.001
2040 0.000

1

mn0.dat 5000. 0. O.
file: mnl.in

400. 0.3 0.0075

312. 3. 2.6 0.
730. 0.00274 40

0 0 300. 16
1964 4.95
1984 3.544
1988 1.817
1992 0.932
1996 0.478
2000 0.245
2004 0.126
2008 0.064
2012 0.033
2016 0.017
2020 0.009
2024 0.004
2028 0.002
2032 0.00%
2036 0.001

1 2040 0.000

mn1.dat 8500. 0. O.

file: m2.in

400. 0.3 0.0075

460. 3. 2.6 0.

730. 0.00274 40

0 0 300. 16
1964 4.95
1984 3.544
1988 1.817
1992 0.932
1996 0.478
2000 0.245
2004 0.126
2008 0.064
2012 0.033

2016 0.017

2052 0.006

2056 0.003
2060 0.002
2064 0.001
2068 0.000

1
s0.dat 5000. O. 0.

file: st.in

400. 0.3 0.0075

312. 3. 1. 7.

730. 0.00274 50

00 300. 23
1964 620
1984 445.733
1988 230.378
1992 119.071
1996 61.542
2000 31.808

2004 16.440
2008 8.497
2012 4.392
2016 2.270
2020 1.173
2024 0.608
2028 0.313
2032 0.162
2036 0.084
2040 0.043
2044 0.022
2048 0.012
2052 0.006
2056 0.003
2060 0.002
2064 0.001
2068 0.000

1
s1.dat 8500. 0. O.
file: s2.in

400. 0.3 0.0075

460. 3. 1. 74.

730. 0.00274 50

0 0 300. 23
1964 620
1984 445.733
1988 230.378
1992 119.07
1996 61.542
2000 31.808

2004 16.440
2008 8.497
2012 4.392
2016 2.270
2020 1.173
2024 0.606
2028 0.313
2032 0.162
2036 0.084
2040 0.043
2044 0.022
2048 0.012
2052 0.006
2056 0.003
2060 0.002
2064 0.001
2068 0.000

1

s2.dat 18500. 0. 0.
VANAD 1UM

file: v0.in




2020
2024
2028
2032
2036
2040

1

mn2.dat 18500. 0.
MOLYBDENUM

file: mo0.in

400. 0.3 0.0075
230 3. 4.2 0,
730. 0.00274% 40
0 0 300. 19
1964
1984
1988

0.009
0.004
0.002
0.001
0.001
0.000

882288

1
mo0.dat 5000. 0. 0.

file: mol.in

400. 0.3 0.0075
312. 3. 4.2 0.
730. 0.00274 40
0 0 300. 19
1964

=i
-l
ks

888

L) . L] .
00000
OgO-l-i
NHEN-a®

QOOOOOPQOOOO

.

Q.ﬂ

[-X-X-}
-&-X-}
- el =i

0.000

1
moi.dat 8500. 0. O,

file: mo2.in

400. 0.3 0.0075
460. 3. 4.2 0.
730. 0.00274 40
0 0 300. 19

2.07
1.612
0.978

400. 0.3 0.0075

230 3. 1.8 0.

730. 0.00276 60

0 0 300. 34
1964 0.22
1984 0.200
1988 0.165
1992 0.136
1996 0.112
2000 0.093
2004 0.077
2008 0.043
2012 0.052
2016 0.043
2020 0.036
2024 0.029
2028 0.024
2032 0.020
2036 0.016
2040 0.014
2044 0.011
2048 0.009
2052 0.008
2056 0.006
2060 0.005
2064 0.004
2068 0.004
2072 0.003
2076 0.002
2080 0.002
2084 0.002
2088 0.001%
2092 0.001
2096 0.001
2100 0.001
2104 0.001
2108 0.001
2112 0.000

1

v0.dat 5000. 0. O.
file: vi.in

400. 0.3 0.0075

312. 3. 1.8 0,
730. 0.00274 60

0 0 300. 34
1964 0.22
1984 0.200
1988 0.165
1992 0.136
1996 0.112
2000 0.093
2004 0.077
2008 0.063
2012 0.052
2016 0.043
2020 0.036
2024 0.029
2028 0.024
2032 0.020
2036 0.016
2040 0.014
2044 0.011
2048 0.009
2052 0.008
2056 0.006
2060 0.005
2064 0.004
2068 0.004
2072 0.003
2076 0.002
2080 0.002
2084 0.002
2088 0.001
2092 . 0.001




1992 0.593
1996 0.360
2000 0.218
2004 0.132
2008 0.080
2012 0.049
2016 0.030
2020 0.018
2024 0.011
2028 0.007
2032 0.004
2036 0.002
2040 0.001
2044 0.001
2048 0.001
2052 0.000

1
mo2.dat 18500. O. 0.

2096 0.001

2100 0.001
2104 0.001
2108 0.001
2112 0.000

1

vi.dat 8500. 0. D.
file: v2.in

400. 0.3 0.0075

460. 3. 1.8 0.
730. 0.00274 60

0 0 300. 34
1964 0.22
1984 0.200
1988 0.165
1992 0.136
1996 0.112
2000 0.093
2004 0.077
2008 0.053
2012 0.052
2016 0.043
2020 0.036
2024 0.029
2028 0.024
2032 0.020
2036 0.016
2040 0.0%
2044 0.011
2048 0.009
2052 0.008
2056 0.006
2060 0.005
2064 0.004
2068 0.004
2072 0.003
2076 0.002
2080 0.002
2084 0.002
2088 0.001
2092 0.001
2096 0.001
2100 0.001
2104 0.001
2108 0.001
; 2112 0.000
v2.dat 18500. 0. 0.
ZINC

file: zn0.in
400. 0.3 0.0075

230 3. 1.8 0.

730. 0.00274 50

0 0 300, 22
1964 9.25
1984 7.204
1988 4,369
1992 2.650
1996 1.607
2000 0.975
2004 0.591
2008 0.359
2012 0.218
2016 0.132
2020 0.080
2024 0.049
2028 0.029
2032 0.018
2036 0.011
2040 0.007

2044 0.004



2048 0.002

2052 0.001
2056 0.001
2060 0.001
2064 0.000

1

zn0.dat 5000, 0. O.
file: anl.in

400. 0.3 0.0075

312. 3. 1.8 0.
730. 0.00274 50

0 0 300. 22
1964 9.25
1984 7.204
1988 4.369
1992 2.650
1996 1.607
2000 0.975
2004 0.591
2008 0.359
2012 0.218
2016 0.132
2020 0.080
2024 0.049
2028 0.029
2032 0.018
2036 0.011
2040 0.007
2044 0.004
2048 0.002
. 2052 0.001
2056 0.001
2050 0.001
2064 0.000

1

zni.dat 8500. 0. 0.
file: 2n2.in

400. 0.3 0.0075

460. 3. 1.8 0.

730. 0.00274 50

0 0 300, 22
1964 9.25
1984 7.204
1988 4.369
1992 2.650
1996 1.607
2000 0.975
2004 0.591
2008 0.359
2012 0.218
2016 0.132
2020 0.080
2026 0.049
2028 0.029
2032 0.018
2036 0.011
2040 0.007
2044 0.004
2048 0.002
2052 0.001
2056 0.001
2060 0.001
2064 0.000

1
zn2.dat 18500. 0. 0.
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Chloride Groundwater Concentration Northwest Pond/Hydrodlarifier Area

9

BUER R B

. LIST OF APPENDICES

Appendix A Time History Plots of Groundwater Concentration

Golder Assoclates




October 29, 1993 1 913-1101.608

1. INTRODUCTION

This memorandum addresses one component of an ongoing remedial investigation (RI)
and feasibility study (FS) related to the Monsanto Company elemental phosphorous plant
in Soda Springs, Idaho (Figure 1). Information presented in this memorandum
characterizes groundwater quality in relation to activities at the Monsanto plant and is
based on data collected through May, 1993. Information presented in this memorandum
will be integrated into the Phase II RI report. This report will in turn be presented to the
United States Environmental Protection Agency (EPA) at a later date.

Documentation of earlier investigations for the elemental phosphorous plant exists in
several reports. The Preliminary Site Characterization Summary Report (PSCSR),
consisting of a summary of Phase I RI activities, was submitted to EPA for review in
April, 1992 (Golder, 1992a). The Remedial Alternatives Development and Preliminary
Screening of Candidate Technologies Memorandum (RAD/PSCTM), consisting of a
summary of the Phase I FS, was submitted to EPA in June, 1992 (Golder, 1992b). A Phase
II RI work plan (Golder, 1992c) was subsequently developed based on the PSCSR, and
the data needs identified in the RAD/PSCTM. The Phase II RI scope of work, detailed in
the work plan was approved by EPA in January, 1993.

Following approval of the Phase II RI work plan, field investigations and technical
analyses were completed and subsequently documented in several memorandums. These
memorandums present results of a geophysical survey (Golder, 1992d), of analyses of
geochemistry and hydrology of source areas and the vadose zone (Golder, 1993a), of
hydrogeological investigations (Golder, 1993b), of surficial soil and stream sediment
investigations (Golder, 1993c), and of groundwater flow and solute transport modeling
(Golder, 1993d).
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2. BACKGROUND INFORMATION
2.1 Description of Source Areas

Eight source areas shown on Figure 2 are under investigation for their potential to
release constituents to groundwater. Earlier work (Golder, 1993a) presents specific details
about each of these source areas including calculations of the present day recharge to
groundwater occurring through the source areas.

Of the eight sources, the northwest pond, the hydroclarifier, and the old underflow
solids ponds were found to be areas where at one time constituents were released to
groundwater. Upon Monsanto's awareness of these conditions, plant practices were
changed and the source areas were remediated. In 1988 soils were excavated from the
northwest pond and a bentonite liner was installed. The hydroclarifier, which at one
time leaked water to the subsurface, was completely replaced in 1985 with a modern
facility including leak detection equipment. Leakage has not been observed from the
new hydroclarifier. The old underflow solids ponds, used to dewater a slurry of
underflow solids, were taken out of use in 1983 and capped with molten slag and
bentonite in 1988.

The southwest corner of the Monsanto plant also appears to be an area where releases to
groundwater have occurred and may be occurring at present. This area contains three
active ponds; two sewage evaporation ponds and a settling pond for non-contact cocling
water. The sewage ponds intentionally drain to the subsurface and the settling pond
discharges to Soda Creek via the effluent ditch and pipeline. The sewage ponds are in
the process of being taken out of use, as the Plant connects to the City of Soda Springs
collection system. There is also a closed dewatering pond in the southwest part of the
Monsanto plant. This pond at one time was used to dewater a coke and quartzite dust
slurry. It was replaced by a filter press in 1987 and now is partially filled by slag and
partially filled by soil.

The underflow solids piles located in the northern part of the Monsanto plant do not
appear to be sources of constituents to groundwater. Little if any natural recharge is able
to pass through the piles which are recycled back into the phosphorous refining process.
Thus, no mechanism exists to transport constituents from the piles to groundwater.

2.2 Groundwater Sampling and Analysis

A large list of groundwater sampling locations and constituents is evaluated each spring

and fall in regard to the Monsanto RI/FS. Sampling locations include over 50 monitoring
wells, about 15 springs, 4 production wells, and a limited number of other private wells.

Several of the sampling locations are within the Kerr-McGee plant and are sampled and

analyzed by Kerr-McGee (Figure 1). The sampling locations are shown on Figures 2

and 3.
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The constituents of interest at the Monsanto plant include general water quality
parameters, metals, and a few radiological parameters. Table 1 contains a list of the
analytes evaluated in samples collected in May, 1993. The list of analytes was developed
iteratively based on earlier sampling and analysis. Several analytes were deleted from
this list and a few were added based on further sampling and analysxs completed for the
Phase I RI report

2.3 Constituents of Potential Interest

Of those analytes evaluated in groundwater samples, certain analytes were found to be
of greater interest than others. These analytes were identified based on their
groundwater concentrations relative to maximum background concentrations,
conservative human health risk concentrations, and conservative ecological risk
concentrations.

Lists of constituents of potential interest were independently developed from the Phase I
RI groundwater quality data by Golder (1992a) and EPA (Letter from J. C. Eldridge
(SAIC) to T. Brincefield (EPA) dated September 3, 1992). The lists differ slightly due to
differences in the screening methods. A new list will be developed in the Phase II RI
report based on the additional data that has been collected.

. The list of constituents identified by EPA is given below:

Aluminum (Al),
Arsenic (As),
Cadmium (Cd),
Chloride (CI),
Fluoride (F),

Iron (Fe),
Manganese (Mn),
Molybdenum (Mo),
Nickel (Ni),

Nitrate (NO,),
Radon-222 (Rn-222),
Selenium (Se),
Sulfate (SO,),
Vanadium (V), and
Zinc (Zn).

Each constituent of this list was analyzed in samples collected during May, 1993 with the
exception of radon-222. Radon is no longer a constituent of potential interest due to the
naturally high background concentrations and has been eliminated from the sampling.
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24 Summary of Hydrogeology

The site hydrogeology forms a framework for the interpretation of groundwater quality
data. The hydrogeology of the Monsanto plant and the general area within which it is
located has been well studied as part of the RI process and earlier voluntary work
pursued by the Monsanto Company.

The hydrogeologic characterization presented by Golder (1992a) defined two aquifers
within basalt interbeds of the Blackfoot Lava Field. One of the aquifers is shallow and
referred to as the Upper Basalt Zone (UBZ). The other aquifer is deeper and referred to
as the Lower Basalt Zone (LBZ). The UBZ is the primary groundwater zone in the
Blackfoot Lava Field, as it has much greater permeability than the LBZ and appears to
conduct more water through the flow system. The UBZ and LBZ are weakly connected
in the area of the Monsanto plant. Low permeability fault planes cut the UBZ and LBZ,
creating groundwater regions that are separate from one another. Two of these faults,
shown on Figures 2 and 3 on the west side of the Monsanto plant, play an important
role in isolating groundwater regions.

Groundwater recharge to the UBZ and LBZ comes from the valley sides and from
Blackfoot Reservoir to the north. Groundwater flow occurs from north to south in the
Blackfoot Lava Field. Discharge occurs into Bear River and Alexander Reservoir to the
south of Soda Springs. Springs located in the Blackfoot Lava Field are locations of both
discharge and recharge. Deep conduit springs (e.g., Formation Spring) bring water from
depth to the surface that subsequently infiltrates the shallow groundwater system
providing recharge. Other springs are locations where the shallow groundwater system
discharges to surface water bodies (e.g., Mormon Springs).

The influence of pumping wells and faults alters the general direction of groundwater
flow in the vicinity of the Monsanto plant. Figures 5 and 6 show the groundwater
elevation and flow directions at the Monsanto plant for the UBZ and LBZ, respectively.
As shown on the figures, the faults in the west part of the Monsanto plant prevent the
westerly flow of groundwater from the central plant area. They also direct groundwater
in the vicinity of the old underflow solids ponds toward the southeast. The pumping
wells, located in the north and central areas of the Plant, create drawdown causing radial
flow to the wells. Groundwater flow occurring below the northwest pond and the
hydroclarifier appears to be completely withdrawn from the aquifer by the pumping
wells,
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3. CURRENT EXTENT OF CONSTITUENTS IN GROUNDWATER

The most recent groundwater samples were collected in May 1993 and were analyzed for
the constituents listed in Table 1. Data are posted and contoured on Figures 7 through
34 for the constituents of potential interest (Section 2.3). Figures 7 through 20 present
results for the Upper Basalt Zone, or UBZ, whereas Figures 21 through 34 present resuits
for the Lower Basalt Zone, or LBZ. Contours showing lines of equal concentration, or
isopleths, were added to the figures manually. The contours were located by linear-, log-
linear-, or visual-estimation based on data points on either side of the contour line. The
analytical data are also statistically summarized in Tables 2 and 3 for the UBZ and LBZ,
respectively.

3.1 Upper Basalt Zone

Three or possibly four plumes have been identified in the Upper Basalt Zone below the
Monsanto plant. Three of the plumes correspond to the historic source areas referred to
as the old underflow solids ponds, the northwest pond, and the hydroclarifier. The
fourth plume occurs in the southwest corner of the Plant and may be attributed to either
a combination of the sewage evaporation ponds, the non-contact cooling water settling
pond, and the coke and quartzite dust slurry pond, or the old underflow solids ponds.
The Kerr-McGee Plant to the east of the Monsanto plant also is shown to produce
groundwater plumes which have migrated to below the Monsanto plant. These plumes
are not discussed further. A brief discussion for each constituent of potential interest in
the UBZ is provided below.

Aluminum Aluminum was generally undetected or observed at low concentrations
throughout the Plant. No plumes of aluminum are discernable in the data (Figure 7).

Arsenic Arsenic also was predominantly undetected in groundwater samples for the
Monsanto plant. Arsenic was detected in the vicinity of the northwest pond and old
underflow solids ponds areas (Figure 8).

Cadmium Cadmium was observed to occur in plumes near to the northwest pond, the
hydroclarifier, and the old underflow solids ponds. In many samples cadmium was also
undetected. Cadmium appears to be limited to the below the Plant, with no observed
cadmium concentrations occurring in samples from south of the Plant (Figure 9).

Chloride Chloride forms relatively large plumes in the three main areas of the Plant in
comparison to the metal constituents. The northwest pond plume and the hydroclarifier
plume have coalesced and are withdrawn from the aquifer by the production wells in the
center of the Plant. The plume from below the old underflow solids ponds has
apparently migrated off-site to the south and has coalesced with the plume in the
southwest corner (Figure 10). Part of this plume discharges at Calf and Mormon Springs.
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Fluoride Fluoride also forms relatively large plumes in comparison to the metal
constituents. The patterns of the fluoride plumes are similar to those of chloride,
although the extent of fluoride is more limited (Figure 11).

Iron There appears to be limited areas of elevated iron concentrations below the
Monsanto plant (Figure 12). The maximum iron concentration of 7.65 mg/L occurs at the
Doc Kackley Spring and is considered to be a natural iron concentration. The iron
concentration in Test Well 57, which is a control location for the Upper Basalt Zone, also
is high with a value of 0.165 mg/L. The definitions of iron groundwater plumes below
the Monsanto plant are generally poor.

Manganese Manganese concentrations indicate the presence of three plumes
corresponding to the northwest pond, the hydroclarifier, and the old underflow solids
ponds (Figure 13). The highest concentrations are typically less than 1 mg/L. Natural
levels of manganese observed in Doc Kackley and Hooper Springs are between 03 and
0.4 mg/L, which are values similar to the plume areas.

Molybdenum Concentrations in groundwater for molybdenum also indicate the.
presence of three plumes of low concentration occurring the areas of the northwest
pond, the hydroclarifier, and the old underflow solids ponds (Figure 14). The highest
concentrations for molybdenum below the Monsanto plant occur along the east
boundary. Elsewhere molybdenum concentrations are less than 0.6 mg/L.

Nickel Nickel has limited extent below the Plant, although it appears two minor plumes
may exist (Figure 15). Nickel was undetected in 44 of 53 samples and the maximum
concentration was 0.112 mg/L. Nickel is undetected in samples collected outside the Plant
fence-line. :

Nitrate Nitrate concentrations indicate the occurrence of three to four plumes (Figure
16). The highest concentrations on-site are about 15 mg/L and occur in the area of the
hydroclarifier. Nitrate also appears to occur at abnormally high concentrations in control
samples located along the north fence-line (e.g. 5.08 mg/L at TW-29), suggesting
agricultural impacts to groundwater north of the Plant.

Selenium Selenium concentrations in groundwater indicate the presence of three to four
plumes below the Monsanto plant in the locations of the northwest pond, the
hydroclarifier, the old underflow solids ponds, and the southwest corner (Figure 17). The
concentrations range up to 0.7 mg/L.

Sulfate The distribution of sulfate concentrations shows the occurrence of two plumes
below the Monsanto plant (Figure 18). One plume lies below the area of the northwest
pond and the hydroclarifier. The other plume occurs in the area of the old underflow
solids ponds and the southwest corner of the Plant.

Vanadium Vanadium concentrations indicate the occurrence of two minor plumes below

the Monsanto plant with the exception of the eastern fence-line area which overlies a
larger vanadium plume (Figure 19). Vanadium was below detection in many samples
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from the main Plant area and the highest concentrations occur along the eastern fence-
line.

Zinc Groundwater concentrations of zinc are limited to the three primary plume areas,
the northwest pond, the hydroclarifier, and the old underflow solids ponds (Figure 20).
The concentrations average less than 0.5 mg/L and in 25 of 53 samples zinc was not
detected.

3.2 Lower Basalt Zone

The LBZ is separated from the UBZ by an intervening aquitard of dense basalt The
aquitard reduces, or eliminates entirely, the mixing of groundwater from the two zones
and consequently, few constituents are observed in groundwater from the LBZ in
comparison to the UBZ. The extent of the aquitard below the Monsanto plant appears
continuous based on borehole logs.

Some communication between the UBZ and LBZ does exist, however, and in the past,
single well completions into both the UBZ and LBZ connected the zones. These well
completions existed for a relatively short period, being installed in the early 1980s and
then abandoned in the late 1980s.

Aluminum Aluminum was detected in only one groundwater sample collected from TW-
44 (Figure 21). The concentration of 0.126 B mg/L measured in the hydroclarifier area is a
minor indication of aluminum transport to the LBZ from the UBZ

Arsenic Arsenic concentrations were below detection limits or very low throughout the
LBZ (Figure 22).

Cadmium Cadmium was observed in several samples collected from the LBZ, indicating
transport of cadmium from the UBZ to the LBZ below the Monsanto plant. The
concentrations are less than 0.05 mg/L.

Chloride Chloride concentrations in the LBZ below the Monsanto plant range from 13
mg/L to 217 mg/L (Figure 24). The highest concentrations are related to the chloride
plume east of the Monsanto plant.

Fluoride Low concentrations of fluoride were measured in LBZ samples (Figure 25),
indicating minor transport of fluoride from the UBZ to the LBZ has occurred.

Iron Iron concentrations in the LBZ are naturally high with a few concentrations
exceeding 10 mg/L (Figure 26). Much lower iron concentrations are observed in the UBZ
indicating transport from the UBZ to the LBZ is limited. The high iron concentrations
indicate the LBZ groundwater is recharged in part by the same groundwater discharging
springs located to the west which discharge into Soda Creek.
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Manganese Manganese concentrations in the LBZ are less than 0.7 mg/L (Figure 27). A
low concentration manganese plume may be present in the LBZ in the area of the old
underflow solids ponds.

Molybdenum With the exception of the area of the hydroclarifier, molybdenum was not
detected in groundwater samples from the LBZ below the Monsanto plant (Figure 28).

Nickel Nickel was mostly undetected in the LBZ (Figure 29). One detection occurred
below the old underflow solids ponds where a value of 0.036 B mg/L was observed.

Nitrate Nitrate was undetected in the LBZ below the Monsanto plant with the exception
of samples collected from the eastern part of the Plant (Figure 30). Nitrate concentrations
along the eastern border of the Plant appear to have resulted from the plume in this
area.

Selenium Selenium was not detected in groundwater samples from the LBZ below the
Monsanto plant (Figure 31).

Sulfate Sulfate concentrations appear slightly elevated in the LBZ in the area below the
old underflow solids ponds (Figure 32). The maximum sulfate concentration occurs in
the southeast corner of the Monsanto plant and is related to a plume to the east of the
Plant.

Vanadium Vanadium was generally undetected in the LBZ below the Monsanto plant
(Figure 33).
Zinc Concentrations of zinc are generally less than 0.1 mg/L, although, a concentration

of 0.208 mg/L was observed in the area of the hydroclarifier (Figure 34). The data
indicate minor transport of zinc from the UBZ to the LBZ may have occurred.
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4. TEMPORAL TRENDS OF CONSTITUENTS IN GROUNDWATER

The temporal trend of a constituent refers to changes in the constituent's groundwater
concentration through time at a location in the aquifer. When a constituent is first input
to the groundwater, the trends are increasing at down-gradient locations, as the
concentration is rising. If the source is stopped the concentrations eventually decline and
the trend is decreasing.

Two types of trends are observed in the groundwater plumes below the Monsanto plant.
The dominant trend is one of decreasing concentrations at most sampling locations. This
trend is consistent with the Plant history, which includes a period from the middle 1950s
to the early 1980s when releases of constituents to the subsurface occurred. In the past
several years since these releases have stopped, the groundwater concentrations for the
constituents have declined. The second type of trend, which is a minor trend in that it
does not occur at all locations below the Plant, is one of increasing concentrations. This
trend is not well explained by the Plant history, it involves only a few constituents, and it
is localized to two areas—the area of the old underflow solids ponds and the area of the
hydroclarifier.

Figures 35 through 38 show time history plots of groundwater concentration for
cadmium and chloride in the areas of the groundwater plumes below the Monsanto
plant Where a declining trend was observed in these data, a function was fit through
the data points by regression and is also shown on the plot. Appendix A contains plots
for the other constituents of potential interest in the areas of the old underflow solids
ponds and the northwest pond/hydroclarifier with the exception of selenium. Data for
selenium were found to be incorrect prior to the more recent sampling, thus, time history
data exist for only a short period and were not plotted.

As shown on Figures 35 and 36, cadmium concentrations in the plume areas appear to be
declining. Although the data values fluctuate, the dominant trend shown by the
regression curve indicates a declining trend. Table 4 presents information concerning the
regression at each location and includes an estimate of the time at which the cadmium
concentration should decline to 0.005 mg/L, which is the common detection limit for the
groundwater samples.

Figures 37 and 38 present time history groundwater concentrations for chloride in the
plume areas. The chloride data show both of the trends discussed above. As shown on
Figure 37, near to the old underflow solids ponds (Test Wells 22 and 37), steeply
declining trends are observed, whereas away from the ponds, increasing trends are
observed (Test Well 36 and Mormon A Spring). In reviewing the Plant history and the
available sources of constituents, the explanation for these increasing trends was not
clear. At this time it appears most likely that the old underflow solids ponds were used
during the early 1980s and were filled with liquids containing chloride and possibly other
constituents. This use of the ponds may have resulted in a short duration pulse-type
release to groundwater and caused the chloride distribution observed in the UBZ. The
chloride concentration in the source area is currently near background and is continuing
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to decline. Sulfate, nitrate, and a few other constituents have concentrations following a
pattern similar to chloride, although the concentrations are more dilute and the
increasing trends are not as apparent.

Chloride concentrations in the area of the northwest pond/hydroclarifier (Test Wells 16,
40, 42, and 43) also show a mixture of trends. At Test Well 16, which is located
immediately southeast of the northwest pond, the chloride trend is steeply declining. At
Test Wells 40, 42, and 43, located in the area of the hydrodarifier, the chloride
concentration trends are less clear. The current trend at Test Well 42 appears to be
increasing. The trends observed in water quality data from Test Wells 40 and 43 are
declining, although the data show large fluctuations at early times and fluctuations may
occur in the future. Table 5 presents data for the regression curves shown on Figures 37
and 38.
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5. PRODUCTION WELL AREA

The production wells for the Monsanto plant, PW-1, PW-2, and PW-3, are known to
withdraw groundwater from the area of the northwest pond/hydroclarifier plume
(Figures 2 and 3). The wells for several years have withdrawn the plume from the
aquifer and prevented the off-site migration of the plume. EPA has raised the question
concerning the disposition of the plume if the production wells were shut down.

In the event the production wells are indefinitely taken off-line, the following conditions
are anticipated to result:

. Groundwater flow will no longer be directed toward the production wells
in the center of the Plant;
. Groundwater flow will eventually shift to an approximately uniform

pattern directed toward the southeast, parallel to the main fault that
occurs in the western part of the Plant;

. The northwest pond/hydroclarifier plume will migrate further to the
southeast in the direction of groundwater flow;

. The Kerr-McGee plume, to the east of the Monsanto plant, will migrate
toward the south rather than toward the west and south; and

. If the northwest pond/hydroclarifier plume migrates to the southeast
corner of the Plant, the plume will coalesce with the Kerr-McGee plume.
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6. CONCLUSIONS

Three areas below the Monsanto plant are occupied by plumes of constituents released to
groundwater earlier in the Plant history. The main plume areas correspond to the
northwest pond, the hydroclarifier, the old underflow solids ponds, and the southwest
corner of the Plant. A fourth plume exists along the eastern fence-line of the Plant and is
attributed to industrial activities to the east of the Plant. Time history data for
groundwater quality indicates in most cases that concentrations are declining, which is
consistent with the Plant history.

Increasing concentrations also are observed in isolated areas for selected constituents, and
in particular chloride. These trends are not apparent for many of the metal constituents.
The increasing trends are most notably observed along the southern fence-line and an
explanation for the trends is not well substantiated. It is possible, however, that these
observations are a result of a pulse-type release to groundwater that occurred through
the old underflow solids ponds in the early 1980s. The release may have taken place
sometime after the ponds where taken out of use and before the ponds were capped.
The short duration of the release may have formed a plume that migrates through the
aquifer as a pulse. As the pulse arrives at down-gradient locations concentrations
increase and as the pulse passes concentrations eventually decline. Consequently, the
increasing trends that are observed today are expected to shift to declining trends in the
future. Based on observations in test wells 37 and 22, which are nearer to the source,
declining trends are estimated to occur along the southern fence-line in the next few
years.
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TABLE 1

SAMPLE ANALYSIS FOR MAY 1993 GROUNDWATER AND SPRING SAMPLES

Metals Other Ions Other

Aluminum Ammonium Total Dissolved
Solids

Arsenic Chloride Specific
Conductance! I

Cadmium Fluoride pH!

Iron " | Nitrate + Nitrate as | Eh?

N

Manganese Sulfate Turbidity*

Molybdenum Temperature?

Nickel Dissolved Oxygen?®

Selenium "

Vanadium “

Zinc

1 Analyzed in field and in laboratory. 2 Analyzed in field only.
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TABLE 2

GROUNDWATER QUALITY STATISTICS FOR THE UPPER BASALT ZONE

DURING MAY 1993

Analyte Mean | Std. Minimum | Maximum Samp_le— No.

Deviation Size Undetected
Aluminum | 0056 | 0.044 0.01U 0.199 53 44
Arsenic 0003 | 0.004 0.001U 0.021 53 37
Cadmium 0173 | 0.62 0.005U 3.82 53 35 "
Chloride 1179 | 1263 5.1 513 53 0
Fluoride 194 259 0.13 13.8 53 0 “
Iron 02 |14 7.65 0027 53 18 |
Manganese 0.164 0293 0.004U 147 53 9
Molybdenum | 0265 0.789 0.008U 417 53 14 l
Nickel 003 | 0.016 0.003U 0.112 53 44
Nitrate 628 | 468 0.02U 167 51 6 B
Selenium 0132 |0.178 0.001U 0.7 53 17
Sulfate u42 | 2002 329 502 53 0 i
Vanadium | 0202 | 0719 0004U | 403 53 30 i
Zinc 0459 |12 0005U | 636 53 25 =H

Values are in units of mg/L; Kerr-McGee monitoring well samples were not included in
statistical calculations; Undetected values (qualifier U) were used at full value in the

calculations.
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JABLE 3

GROUNDWATER QUALITY STATISTICS FOR THE LOWER BASALT ZONE

DURING MAY 1993
Analyte Mean | Std. Minimum | Maximum | Sample | No.
Deviation Size Undetected

Aluminum | 0049 | 0.051 0.021U 0.139 8 7

Arsenic 0003 | 0.003 0.001U 0.010 8 3

Cadmium 0012 | 0.015 0.005U 0.048 8 4

Chloride 5836 | 67.49 13.1 217 8 0

Fluoride 0333 | 0204 0.16 0.7 8 0 |
Iron 692 |528 142 0.075 8 1 |
Manganese | 0297 | 0228 0012U | 0.668 8 1 |
Molybdenum | 0.062 0.13 0.008U 0.382 8 5

Nickel 0027 | 0.004 0.026U 0.036 8 7

Nitrate 18¢ | 348 0.02U 8.94 8 6

Selenium 0003 | 0.002 0.001U 0.005U 8 8

Sulfate 1583 | 1493 60.7 490 8 0

Vanadium 0572 159 0.009U 45 8 5 ,
Zinc 0071 | 0.062 0.014U 0.208 8 5

Values are in units of mg/L; Kerr-McGee monitoring well samples were not included in
statistical calculations; Undetected values (qualifier U) were used at full value in the

calculations.
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TABLE 4

REGRESSION ANALYSES FOR CADMIUM AT SELECTED TEST WELLS

Test Well Decay Rate, yr! (Half Life, | Predicted Year for
yr)* Concentration Decline to
Background (0.005U mg/L)®

TW-16 0.101 (7} 2040

TW-40 0.178 (4) 2030

TW-42 0.379 (2) 2002

TW-43 0.030 (23) 2238 I
TW-37 0.128 (6) 2027 |
TW-22 0.113 (6) 2004 j
TW-36 0.044 (16) 2047 |
Mormon A Spring 0.062 (12) 2007

* The regression model consisted of the function C(t) = Cyexp(-rt), where C(t) is the
concentration at time t (mg/L), C, is the initial concentration at time t = 0 (mg/L), r is the
decay rate (yr?), and t is the time (yr). Both of the parameters, r and C;, are computed
by least-squares linear regression of Ln(C(t)) vs. t According to this function, C(t)
approaches 0 mg/L as the time, t, approaches infinity. The half life is obtained from the
decay rate according to Ln(2)/r and has units of years.

b The regression model was used to predict the year at which the concentration at the
observation location may decline to a concentration of 0.005 mg/L, a value representative
of background that was determined from Test Well 57 (background is measured as
0.005U mg/L). This year is predicted by the following expression, T = Ln(0.005/Cg)/r.
Caution must be used in interpreting these results as the predicted year is beyond the

range of the data.
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TABLE S
REGRESSION ANALYSES FOR CHLORIDE AT SELECTED TEST WELLS

Test Well Decay Rate, yr'! (Half Life, | Predicted Year for
yn)* Concentration Decline to
Background (22 mg/L)®

TW-16 0.126 (6) 1998 J

TW40 0.035 (20) 2082 I

TW-42 - - 4]

TW-43 0.068 (10) 2040

TW-37 0.183 (4) 1998 |

™W-22 0223 (3) 1997 |

TW-36 - - |
LEncon A Spring _1- - H

* The regression model consisted of the function C(t) = Cgexp(-rt), where C(t) is the
concentration at time t (mg/L), Co is the initial concentration at time t = 0 (mg/L), r is the
decay rate (yr'?), and t is the time (yr). Both of the parameters, r and Cy, are computed
by least-squares linear regression of Ln(C(t)) vs. t. According to this function, C(t)
approaches 0 mg/L as the time, t, approaches infinity. The half life is obtained from the

decay rate according to Ln(2)/r

and has units of years.

® The regression model was used to predict the year at which the concentration at the
observation location may decline to a concentration of 22 mg/L, a value representative of
background that was determined from Test Well 57. This year is predicted by the
following expression, T = Ln(0.005/Cp)/r. Caution must be used in interpreting these

results, as the predicted year is beyond the range of the data.
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FIGURE 17
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